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PREFACE

The reported work was performed under contract to the Depart-

ment of Transportation, Transportation Systems Center, for the

U.S. Coast Guard, Office of Research and Development. The Coast

Guard project officers were Lt., Thomas J. Marhpvko and Fred
R Weidner for R§D and CWO Robert P. Sﬁppson for the Office of
Engineering. The Transportation Systems Center Technical Monitor ?;
was Robert Walter. The efforts of the 378-foot High Endurance &
Cutters commanding and engineering officers are gratefully acknow-
ledged as are the special efforts of Lt. F.L. Ames of the U.S.
Coast Guard Third District in obtaining test data on the USCGC
GALLATIN (WHEC 721? diesel engine conversion to turbocharger
series scavenging-air system.
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1, sumMary

The program was initiated to identify, by study and test,
the most cost-effective methods of improving performance and
economy whiieé reducing smoke emissions and eliminzting the opera-
tional problems of the Fairbanks Morse (FM) 38TD%-1/¢ turbo-
charged diesel engines which power the 373-foot High Endurance
Cutters {(WHEC)}. These cutters are powered by s COBOG propulsion
plant consisting of two 18,000 shp aivcraft-type turbimes and two
3,500 shp turbocharged opposed piston diesel engines. Both pro-
pulsion plants are comnected through reduction gears to variable
pitch propellers.

A study of major operating conditions and identification of
major operating problems associate. with the diesel engines on the
378-foot WHEC cutters were required as well as recommendations of
methods to minimize any operational deficiencies. Data for this
report were obtained fron:

1) a reveiw of original engine test records, _

2) Fairbanks-Morse Customer fervice Department engine test reporis,

3) a pointed questionnaire of all 378-feot WHEC cutters,

4) special in-house laboratory engine tests,

5) tests on the USCGC GALLATIN (WHEC 721),

6) personal visits to selected cutters for discussion with
engineering officers and cognizant propulsion plant personnel.




2, BACKGROUND

This effort is a fellow-on to work initiated in FY'74 by
the U.S. Coast Guard through TSC to minimize the smoke emissions
from CG icebreakers {Lontract DQT-TSC-905). That work was to
verify, through actual fieid icsts, the effectiveness of proposed
engine modifications to improve engine efficiency and reduc
exhaust emissions of the 38D8-1/8 Fairbanks Morse blower-scavenged,
opposed-piston {0.P.) engine. Those modifications, which had been
tested in the laboratory, consisted of newer stylia pintle-type
nozzles, shimmed injection pumps, and advanced injection timing.1
The field test on the £#3 Main Diesel Engine of the USCGC MACKINAW
(WAGB-83) compared baseline (unmodified) and modified emgine test
results while the shop performed the routine maneuvers of engine
start-up, idle, undocking, docking, and steady steaming. Gaseous
and smoke emissions, fuel consumption, and other pertinent enging
parameters were measured as a function of engine speed and load.®
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3. CONCLUSIONS AND RECOMMENDATIONS

¥e have identified methods of improving engine performance
through engine, operational, and maintenance modifications to the
FM 387TD3-1/8 engine when used as main propulsion power in the 378-
foot WHEC. In general, these improvements are associated with
problem areas being encountered by these engines on the cutters.
The identified problem areas and recommended methods for improve-
. ment are listed below, The conversion from the existing turbo-
charger scavenging-air-system to a series-type system offers the
most promise for improved engine performance (Sectionm 5.2).
The following 10 problem areas have been identified for re-
nedial action:

Conclusions: Recommendations:

1. Some Engines are not capable 1. Modify the full-power trial
of meeting full-power trial re- directive to affect procedural
quirements without excessive ex- <changes in these trials.

haust temperatures or reduced

power settings.

2. The existing turbocharger 2. Convert all FM38TD§-1/8 engines
. scavenging air-system gives ex- to series turbocharging. This

: cess air at low engine torque air system is better suited for

: and only esdsquate air at rated variable speed, variable torque s

i torque. operation, and will improve fuel R

: economy 2 to 10 percent. Conduct tgg
field tests on an engine, prior -2
to and after conversion, to fully ZE

document the improved performance.

: 3. Some engines experience ex- 3. Convert all engines to gasket-
£ cessive fuel, lube, water, and less fuel injeccion nozzles to

: manifold leaks which waste eliminate high pressure fuel leaks.
) resources and reduce engine Specify "0" rings of viton in

B efficiency. areas of water leakage problems.

1

Lt At 4k

Rty

H Up-date manifold joints to pre-

: sent production engines with new

3 or machined parts. Reduce leak-
age and fire hazards by converting
to latest pr.duction water-cooled
decks above the exhaust manifold
(Section 5.3}.

b
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4. Threec different piston
styles are in use in the 378
fieet-an unnecessary complica-
tion that was aggravated by
poor liason between FM and CC
elements,

S. Trend analysis is not al-
ways properly conducted to
maximize its usefulness in
determining engine condition

r 1
and perfcrmance dotericratiosn.

6. Engine overhaul schedules
and parts repliacemesnt proce-
dures require rzview.

7. Long periods of engine idie
for warm-up and engine stand-by
are being practiced, a procadure
considered to be counter-produc-
tive and degrading to engine per-
formance.

8. One-engine operation with
proper care exercised to
eliminate overtorquing is not
being practiced.

CH Uy i T R M S A e Ay ek — s

4. Convert all cngines on an as-
nceded basis to the latest pro-
duction-style piston, which will
offer econozy of opsration and
raducoed smoke. Improvz liason
betweer FM and CG to assure the
CG is beirg kept awarc of the
latest producticn cOmponents
(Section 5.4).

S. Obtain trend analysis dota
(rore impcrtant than full power
trials) every 200 hours at a set
engine speed and fuel rack set-
ting with compoansation for
ambient conditions {Section 5.6).
it is also recommended that
engine diagnostics be developad
to assist in engine performance
evaluation {Section 5.9).

6. Base maintenance on a com-
promise approach with some com-
ponents on a scheduled basis and
other components on an as-needed
basis. S&chedule maintenance for
engine components such as damper
assemblies, flexible drives, and
engine bearings which have a
known useful 1ife and experience
similar wear-rates regardless

of engine speed and load.

7. Reduce engine idle periods to
an absolute minimum--any warm-ups
in excess of S5 minutes can only
result in reducing the viscosity
of the oii (Section 5.7).

8. Practicc one-engine oparation
when possibie since it reduces
total fuel consumption and im-
proves engine performance. The
engine torque is nearer the
optimum fuel economy point with
better brake specific fuel con-
sumption. This also keeps
engine temperatures higher,
reducing the possibility of oil
build-up in the manifoldas. How-
ever, it is important that the
governor linkage be properly sect
to assure the 2ngine cannot be
over-toryued (Section 5.10}.
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9. A method of measuring
engine 1load that would be
more useful in engine
condition monitoring is
required,

10. Some cutters have ex-
perienceu bearing failures.

9. Utilize a calibrated fuel-
rack position indicator for a
reliable measure of engine torque
in light of the past CG experience
and the complication of shaft

Hp meter (Section 5.8).

10. Minimize catastrophic bearing
failures by increased use of
engine starting and shut-down
interlocking in the lube oil
circuit and strainers to eliminate
human error. A good spectro-
graphic lube o0il analysis program
should indicate normal bearing
wear. The importance of crew
training must be emplasized
(Section 5.11).
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I, APPROACH
4.1 QUESTIONNAIRE .SURVEY

A questlonnalre survey, relating to all main diesel engines in
the 378-foot WHEC fleet, was answered by the ships' engineering
officers. The responses showed a similarity in precblems and poten-
tial solutions from ship to ship. Some of the problems were iso-
lated cases but the major problems occurred throughout the fleet.
The most serious problems identified were: (1) engine not capable
of producing full power, (2) exhaust manifold leakage with result-
ant engine room exhaust gas, (3) fuel and lube oil leakage, (4)
liner seal leaks, (5) oil leakage at the exhaust-deck seals, and
(6) high exhaust temperatures encountered during efforts to obtain

'ﬁ full power. Detailed discussion of problems mentioned above are
3 included in Appendix A,

<
A
b
E)

ot

SRR e

4 4.2 SHIPS VISITS AND INTERVIEWS

The visits to various 378-foot WHEC cutters and interviews with
the responsible engincering personnel generally confirmed the re-
sults of the questionnaire survey. Cutters visited included the
USCGC's DALLAS (716), GALLATIN (721), HAMILTON (715), SHERMAN (720),
RUSH (723), MIDGETT (726), and MUNRO (724). Discussions were also

K conducted with various district type-desks. The results of these

g interviews are included as part of the major problem areas discussed
[\

3 in Section 4 and detailed in Appendix A.

] The following topics were covered:

1., Cylinder Liner Seals
Exhaust Manifold Gaskets and Leaks

At PSSy e
[0
.

. - he . ™ “a 1 v, " . K K
AN e S i B e A 3 s Lt Tt
SR e R S el = d

z 3. Exhaust Manifold Flexible Connectors -

? 4. Exhaust Manifold Fires and Gasket Groove Design %

‘% 5. Fuel Injection Compartment Fuel Leaks % ?
,, 6. Scavenging Air-Piping Leaks - i §
73 7. 0il Leakage into Engine Cylinders ;f:%
g' 8. External 0il Leakage at Exhaust Belts .5 ?ﬁ
i 9. 0il Leakage at Front Cover of the Engisne %ﬂf%
éf 10. Water Leakage at "O" Rings and Gaskets %;fig
A 11, Front Cover Removal Difficulty A
? 12. Cylinder Air Start - 12 versus 6 Air Start Valves ,4»
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14, . -Lube -0il Pump Level

w15, ggghausngempera;ufes Higher than Recommended
‘1§?frPistbnuﬁesigns Available.

4.3‘\0RIGINALwENGINB ACCEPTANCE TEST DATA

'Thé original shop test logs of the engines built for the Coast
Guard 378-foot ‘WHEC cuttérs were reviewed (Appendix B) and the
average ﬁérfbfméhcé data of every engine at each 25 percent incre-
ment of load was tabulated on a different log sheet for ease of
comparison (Figures B-1 to B-10). Careful examination will show
the effect of engine air inlet temperature on overall engine per-
formance. For instance, nmote the wide variation of compressor air
inlet temperature at 100 percent load (Figure B-7). ¥ith the
existing style scavenging air system, the 'turbo air inlet tempera-
ture :is not only :dependent on ambient temperature but also on work
done by the .engine driven blower. '

The 100 percent load air receiver pressure (Figure B-7) shows
how similar all engines performed at the shop test trials. They
all ran between 32 and 34.8 inches of mercury air receiver pressure
at rated load and speed. The average data of all the engines is
plotted on Figures B-13 and B-14 of Appendix B. The rated speed
and load fuel consumption averaged .376 lbs/bhp/hr with a new engine.
This consumption can improve up to 2.5 percent as the engine be-
comes_ well run-in,

A variable load and speed test was performed on one of the
subject engines, S/N 38D867070-TDG12. Data is plotted on Figures
B-15, B-16, and B-17, and B-18 of Appendix B. Figure B-18 is quite
useful in determining engine load-speed characteristics for optimum
fuel coﬂsumption of the main propulsion diesel engine. If <¢he
engine torque were held at around 75 percent to 80 percent of rvated
torque with the scavenging air system when operating at reduced
speeds, the fuel rack reading would be about 5.5 and the brake

specific fuel consumption (BSFC) would be ,360, .364, .368 and .37C
1bs/bhp/hr respectively at 500, 600, 700 and 800 engine rpm while
the horsepowers would be 1500, 1850, 2150 and 2900. The 800 rpm
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point is at 90 percent torque and 6.3 rack. At rated speed and
100 percent torque, the rack would read 7,3 with a BSFC of about
.380. RPM, horsepower, and BSFC values are 500 - 1200 - .368, 6G0
1700 - .3675, 700 - 2256 - .368, 800 - 2900 - .370, and 900 - 3600
.380 if one follows the torque limiting curve per the engine in-
struction book (Figure B-19). #- comparing these numbers to those
in thé above paragraph, we can see a potential reduction in fuel
consumption (of 2,2 ﬁercent at 500 rpm and 1 percent at 600 rpm)
as a result of i.creasing the engine load above the design torque

curve.

4.4 LABORATORY TEST DATA
‘Laboratory tests were run on a 6-cylinder engine with turbo-

blower, series-scavenging system operating aiong the contract load-
speed specifications of Curve 11188CH (Appendic C). In support

of the: GALLATIN conversion to a series scavenging system, data was
cbtained with various size nozzle rings and is shown in Appendix D,
These results will be discussed in more detail under Section 5.2
on the turbocharger-series-conversion.
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5, 378-F0OT WHEC, MAIN DIESEL ENGINES -
PROBLEMS AND CORRECTIVE ACTIONS

‘5.1 FYLL-POWER TRIALS

An engine in normal operating condition should have no problems
performing a full power trial. The full-power trials, as presently
required by the Coast Guard on these engines, will always show up
poorly for the engine when power demand is more than engine rating.
Engine operating parameters such as rack readings are better indi-
cators of the horsepower required by the ship's propzller than the
ship's speed, horsepower meter or prop-pitch setting. With the
engine fuel-racks limited.to full power setting and balanced per
FM instructions, the propeller pitch/speed should be changed to
produce engine rated speed and lcad. Engime and loading data
should then be obtained to help determine changes in engine and
propeller efficiency with time.

If the engine performance data is adequate, the percentage
change in propeller horsepower indication is more than likely in
the horsepowér meter and/or propeller pitch and ship efficiency.

The horsepower output of the engine is only proportional to
the engiﬁe speed while the propeller requirement is the cube of the
speed (Figure 1), In meaningful terms, because of hull fouling
or improper pitch setting, the ship's propeller requires engine
rated power at a 1 percent reduction in propelier speed (148.5 rpm
versus 150 rpm), and the engine would have to be overfueled more
than 3 percent to return to rated speed of 150 rpm. The actual
engine full torque will then occur at an engine speed of 887 rpm
and at 98.5 percent rated power. To obtain rated speed would
require the engine to put out 3607 shp instead of 3500 shp. It
would be better to load the engine at rated speed until the full
power fuel-rack setting is reached and then obtain engine performance
data for comparison with prior data.

An alternative to a full power trial would be to run at full
torque at rated speed or rated torque at some lower speed to deter-
mine the condition of the engine and ship propulsion system. This
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could be accomplished by:

1. Rated torque and: speed power trials. Reduce propeller
pitch to allow engine to come to rated rpm. Increase pitch until
- full power rack-reading is obtained (~7.5). Proceed with 2 hour

- test. run-and log all propulsion data as well as engine tempera-

tures, pressures, etc. Compare data with previous test runs to

determine if any deficiencies exist in the engine or loading system.

2. Rated torque or fuel input at something less than rated
speed. The pitch could always be maintained at a constant setting
(say 1.0) and engine speed increased untii the average fuel-rack
reading remained at 7.0. Proceed with 2 hour test run and log all
engine and prepulsion data, provided the manufacturer's limits on
engine operating parameters are not éxceeded.

5.2 SCAVENGING AIR SYSTEM

Turbocharging increases the efficiency of all types of diesel
engines but makes them more prone to inefficient performance unless
they are properly operated and maintained. Many of the present
operating complaints are directly or indirectly related to the
existing scavenging air system which gives a fixed mass of air as
a function of engine speed up to approximately 85 percent of rated
torque.

This system (GALLATIN excluded) gives more air than needed at
low engine torques and only adequate air at rated torque even if
the total engine system is in good operating condition. This air
system is optimum at 75 to 85 percent of rated torque. The air is
supplied by a roots-type, positive-displacement blower connected
in series with, and up stream of, the turbochargers. Above 85 per-
cent torcue the engine operates as a self-sustained, turbocharged,
two-cycle engine. However, the roots-blower continues to take some
power and heats the inlet air to the turbocharger. This heated air
reduces the efficiency of the turbochargers.

Many of the problems associated with the air scavenging system
can be alleviated by conversion to the turbocharger series blower.
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‘In- this' arrangement theé “engine scavenging air s?steh is converted

. to ﬁiécé“tﬁé&§é§veﬁgﬁh§ air), roots-blower after the turbocharger.
:Mlnlmumfequ1pmentnéhanges required included: (1) new air cooler
qsupyqrts a;dzp;n;ng -from supports to ‘blower, '(2) modification of
the .blower./inner:bearing plate to -allow air discharge directly into
the engine dir-FYeceiver, (3) blower-drive gears, (4) crankcase
ejéﬁtbf“systeﬁyﬂaﬂd-ﬁsm possible ‘turbocharger nozzle ring modifica-
tiﬁn.lgh;s.q;p;eygtem,.which<is standard on all new turbocharged
‘:eng;pgssris.mﬁghqbetter,suited for variable-speed, variable-torque
1tYﬁe-eﬁgipegoperation, Air flow can be tailored to the engine
-application by varying the turbocharger nozzle-ring size and blower-
drive .gear ratlo. - ,

The engine brake specific fuel consumption can be reduced from
2 to 10. percent through the engine speed range of 500 to 900 rpm
*by'changing to the turbo-blower series scavenging air system. The
pre turblne exhaust will generally reach temperatures between 500
and 900°F in the range of 500 to 900 rpm engine speed with a fixed-
pitch propeller loading.

The - extra scavenging air available from the conversion to the
turbocharger series blower alsc reduces. the thermal stresses at the
exhaust mr -"~* joints and increases the over-fueled smoke limit-
ing load of the engine.

5.2.1 Turbo-Blower Series Conversion - parts and costs

The conversion list price is $15,896.75 per engine less Coast
Guard discount in effect at time of placing the order. Labor for
the conversion is not included in “his estimate. In addition to
changlng out the parts listed below, work necessary during the con-
version -ncludes cutting two openings in the blower inner bearing
plate and inspecting and rebuilding the blower if deemed necessary.
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FM part #
1...Blowet Drive Gears. - 16 401 281
2. Piping Turbo Inlet - 16 608 398
3. Piping Turbo Discharge - 16 608 489 ’
4. Gasket Xit - ‘16 608 405
. 5. Flange - 16 608 224
6. Piping Spacer Kit - 16 608 498
7. Crankcase Ejector - 16 608 423

The ratio of specified blower gears are 1.385 and should not
require a turbocharger nozzle ring change.

In the above conversion, if the present air check-valve housing
were reused as part of the air piping and the opening blocked off
by,making”flanges and gaskets, the price would be reduced by $798.19.
If the air coolers have excess cooling capacity, the air header
above the first cooler and the connector between the two headers
would not require replacement, and another $2,913,79 can be
saved for a final cost of $12.381.79. A 5 percent improvement in
fuel consumption. could amount to $9000 in a period of 5000 hours
operation at an average load of 2000 horsepower with 35 cents per
gallon fuel cost. The savings would be about .1 cents per horse-
power - hour with a 5 percent improvement in fuel consumption,.

If the average 378-foot WHEC uses 1,000,060 gal of fuel per
year and the assumption is made that 70 percent of this fuel is
burned by the main diesel engines, then a 5 percent savings at $.35
per gallon would be $12,250. It would appear that the payback time
for a two-engine conversion would be two to four years, not includ-
ing, the operational and safety benefits accrued from such a con-
version.

5.2.2 Cutter Gallatin Conversion - Experience and Test Results

" In 15877 the USCGC GALLATIN (WHEC-721) engines were converted
to turbo-blower series scavenging system via Government Register
Number 92-930466. The system consisted of new air piping, slower
blower drive gears (1.51:1 ratio), crankcase ejector kit, gasket
kit, and spacer kit, The engine had 10° gasketless nozzles and the
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rotating piston combination (See Section 7.4.) After the turbo-
charger nozzle rings were changed from 19-to 21 square inches,
operational engine  data. werc obtained. These data are shown in
Appendix D as Curves 63 and 64.

Curve 63 shows engine performance between 500 and 900 rpm with
both engines operating. Note the combined exhaust temperatures to
the turbocharger remained between 600°F. and 875°F. throughout the
engine operating speed range. These temperatures are high enough
to prevent accumulation of o0il in the exhaust system and low
enough to prevent premature failure of the exhaust manifold gaskets
and flexible connectors.

The: initial excess air problems associated with USCGT GALLATIN
conversion have been resolved by going to a 21 square inch nozzle
ting in the turbechargers. However, the real cause seems to be
the blower drive gear ratio used in the conversion kit (same as
used for stationary 720 rpm coaversions) and the 10 degree injection
nozzles. The nozzles are being changes to 15°, but test data are
net yet available. However, the conversion has performed faultless-
ly to data, othér than the high scavenging and firing pressures

§ observed at rated speed and load. While it is believed that the

: engine performance could be slightly improved by going to slower
blower-drive gears and a smaller turbocharger nozzle-ring, the data
indicate the engine is performing satisfactorily.

Curve number 64 shows operation of the GALLATIN with one engine
in the engine speed range of 500 to 720 rpm. The fuel-rack readings
indicate that the same engine torque occurs at 700 to 7Z0 engine
rpm with one engine operation as occurs at 850 rpm with two-engine
operation. Here again, it is believed that the performance could
be improved with a slightiy slower blower and smaller turbo-
charger nozzle-ring area,

e

5.2.3 Laboratory Test Data

As previously mentioned, some laboratory tests were run at the
FM plant on a2 six cylinder engine with the series conversion and 19
and 21 in. nozzle rings. The results are detailed in Appendix C in
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curves 60 through 62.

The fuel consumption numbers from a 6-cylinder engine cannot
be used as shown for comparison to the 12 cylinder engine because
the engine loading is not corrected for the water-pump which re-
quires 43 horsepcwer at 900 rpm. The correction required changes
the .371 BSFC to .352 with the Elliott turbocharger at 9006 rpm

engine speed. The interesting aspects of these data are the changes in

exhaust temperature with speed and thz change of zir-manifold pres-
sure with engine torque and speed. The old-stylzs scavenging system
gave a range of exhaust temperatures from 650 to 960°F. versus 740
to 915°F. for the turbo-blower series arrangement at contract torque
speed-1cading. The comparison wouid be even more startling at
torque per the propeller curve loading.

Propeller curve data run on a lab engine in 1971 with the
turbo-blower series scavenging system and rotating turbocharged
engine pistons is attached in Appendix C as Curve number 66. The
fuel consumption was decreased Z percent to 8 percent when compared
with the present engine scavenging system with typical propeller-
engine loading. This data is very similar to what should be
expected of the GALLATIN engine conversion with a slightly smaller
scavenging air-blower.

Further laboratory tests to determine the operating parameters
of a turbo-blower series engine at various speeds and torques are
required to develop good performance maps of the engine in marine
service,

5.3 FUEL, LUBE OiIL, AND WATER AND AIR LEAKS

Leaks waste vital resocurces and, in the case of air and exhaust
leaks, can affect engine efficiency. The engine must be kept free
of extevnal leaks t¢ prevent loss of fuel and lubricating oil., Air
and exhaust gas leakage is a form of wastegating energy in the
scavenging system of an engine. This reduces the overall efficiency
of the eagine turbocharger and is directly reflected in the engine
fuel consumption, The propulsion plant pérsonnel should always

(74




check for leaks and make necessary repairs at ihe finst opportunity.
The engine sliould not be operated with large scavenging air or ex-
haust gas leaks except in cases of emergency.

The éngines hdve been or are being converted to the newer

.style gasketless injection nozzles. This conversion will eliminate

nearly all sources of high pressure fuel oil leakage.

Engine avaiiébility can be increased by specifying O-rings of
viton material for areas where water leaks have developed prior
to replacement at overhaul time. However, these rings are about
g-l/Zitimes more costly than the standard 0-ring material.

Engine efficiency can also be improved by reducing manifold
gas leakage. Manifold joints can be updated to current production
standards by machining or applying new parts. One of the ships
was using two flexitallic exhaust manifold gaskets in each joint
to correct for exhaust manifold flange warpage., This makes it
very difficult to maintain a tight joint due to the gasket creepage
and loss of joint bolting torque. The loose bolts then allow the
gaskets to leak and burn out. Engine fire hazard will be reduced
by adopting these changes as well as new pistons (Section 5.4)
and can be further improved by incorporating the latest production
water-cooled deck above the exhaust manifolds.

S.4 PISTONS AND INJECTORS-EXISTING AND RECOMMENDED STYLES

Engine power pistons are presently of the rotating style or
the Mexi~an hat fixed design. The 378-foot WHEC's have been
changing over to the Mexican hat fixed design as the rotating
pistons require replacement. The MUNRO AND MIDGETT engines were
supplied with Mexican hat fixed pistons while all other cutters
originally had the rotating piston. Generally, the engines with
fixed pistons have had no piston failures, except due to external
causes, while several engines with rotating pistons had one or
more failures, The fixed Mexican hat piston generally produced more
smoke, more port carboning, and more cracked cylinder liners but

experienced less méchanical problems and liner seal leakage problens.,
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When changing to the fixed style piston, the latest production
version should be adopted in lieu of the Mexican-hat style. This
new piston is more durable and will produce less smoke and provide
better fuel consumption than the Mexican hat piston.

All FM opposed piston turbocharged diesel engines use the same
¢ylinder liner, There are three different pistons available for
the 38TD8-1/8 engine:

TR AT ’.q,.gm..m{"..»‘. T

R

RSTIRRT oo Yor

1. Rotating piston. The upper and lower pistons have different
cup volumes and must be used in combination of one upper and one
lower piston per cylinder. The piston assembly has a bearing be-
tween the piston and piston carrier to allow the piston to rotate
freely and is retained to the carrier with lock-plates and cap-
SCTEWS.

2. Mexican hat fixed piston. The upper and lower pistons
have the same cup volumes but are different due to fuel slots for
the injection nozzle fuel spray located at the edge of the crown.
They must be used in combination of one upper and one lower piston
per cylinder. The piston is fastened to. the piston carrier thh
four capscrews and is not free to rotate.

R L R L e R [ X e R e T e B P e e

3. Turbo-fixed piston (present production piston). The upper
and lower pistons are identical and two of these pistons are used
per cylinder. The piston has a combustion chamber or crown shape
similar to the rotating style pistons. The pistocn is fastened to
the piston carrier with four capscrews and is not free to rotate.

S 'wm\‘i' REY; a4

A 4"‘- o

For this same engine there are two different injection nozzles

s '
S y Y L a0

1

i

tended for use with all engines not having Mexicsn hat pistons and
- is the only injector recommended for use with the turbo-fixed

pisten. This injector can, however, be used successfully with the
. other type pistong avgilable for the engine.

? available: ?

5 . -2
3 a. 15° Injector. This injector has a holder with the tip ;8
A pointing 15° off the centerline of the injoctor body. It is in- %3%
:': =

-
"

¥

oy

'

SR Ea D

b. 10° Injector. This injsctor has a& holder with the tip
pointing 10° off the centerline of the injector body. It is intended
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4

for use with the ‘Mexicsn hat piston and can be usad successfully

with the rotatiny piston; 3
The advantages and disadvantages of these various power com- .3
binations are discussed in Appendix E. ) -
It becume apparent that some elcments of the Coast (Guard were 1

’ —

not cognizant. of the iatest production components. In order to |

alleviate this situation, direct liaison between the WHEC type ?
desk of the Coast Guard's Naval Engineering Divisioa (G-1NE) and © ik
FM engineering should be cstablished on a semi-annual hasis. ‘This
will keep ENE aware of the latest design production chunges avail-
able. However, some cof the latest changes are listed bhelow, and it

is recommended that they be incorporated into CG ecagines as carly
possible:

biitha

,
oy .
R

™

b

b

“
{/

okttt

Y,

1)} exhaust manifold gasket grooves,

it HEB

2) air piping packing assembly,

3) exhaust belt seals and gasket grooves,
4) gasketless fuel injectors,
5) exhaust pipe screcens to protect turbos,

6) water cooled injection compartment decks.

5.5 MAINTENANCE AND OVERHAUL

The maintenance of the 378-foot WHEC engines is fairiy pood

E considering the high turnover rate of shipboard mechanics. :t was
E noted that a considersble variation cxisted in cnpine rvom muralc

; from ship to ship. Recurring enginc prohlcm drecas can contribute

to poor mo;dle. If the basic causes of cngine problems arc not
resclved, an engine that requires ncarly continuous attention flor
barely acceptable cngine performance may result. Also, if the wain-
tenance requirements become overbearing for the crew, general capine
neglect becomes the rule.

The Coast Guard sends ncarly all their enginc-mon through o

s 03

onc-week school heid by FM in Beloit, Wiscongin. 1This schaol is
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brief but quite informative on the unique features of the opposed
piston 1gine, both ‘naturally aspirated and turbocharged.
Tﬁé'iaigei éngine maintenance jobs, including overhauls on
these ships, are usually undertaken with the direction of an FM
factory representative and a Coast Guar. maintenance team.

Scheduled versus As-Needed Maintenance and Overhaul

Service parts replacement and overhaul should te carried out
as necessary and only on an as-needed basis.

To overhaul an engine on an as-needed basis requires excellient
records of power parts replacements and visual and dimensional in-
spections. It does not mean an engine should be run until a break-
down occurs. A complete overhaul should be scheduled when enough
of the engine power parts are approaching their wear limit since
it is more economical to replace 4ll parts rather than only those
in need-of -replacement. This will usually occur when the upper
piston compression rings are worn out. However, depending on the
engfﬁe service, the 0.P. engine will require two lower piston ring
changes per upper piston ring change. Lower pistons can be removed
and rerung easily with about 3 man-hours per cylinder labor znd re-
quires oniy new rings and new cotter keys for the connecting rod
bolts. Tiie current Overhaul Directive is attached as Appendix F.

Scheduled maintenance should only be applied to engine com-
ponents that generally have a known useful life and see a similar
wear-rate regardless of engine operating conditions. Some of these
components are damper assenblies. flexible drives, engine bearings,
etc. Scheduled maintenance on power compunents will generally only
work well and be economical if the engine operating conditions
remain the same day after day. Scheduled maintenance is costly
a.-d may cause unexpectec maintenance requirements due to poor re-
pairs., On the other hand, properly performed scheduled maintenance
may alleviate unexpected engine failures.

The best approach would be scheduled power component inspec-
tions in conjunction with trend analysis (Section 5.6). The upper
compression rings can easily be inspected for wear and breakage
through the air-ports at intervals of 2500 hours or less. The
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lowér‘ﬁistoh compression riﬂgs .can -be inspected through the exhaust
ports any t1me thé exhaust manifolds are removed for re-gasketing
or by dropp1ng one or two p1ston assemblies, Any time a piston
assembly is removed the compression rings should be replaced.
Always note the hours on rings and their condition as an indicator

for when the other lower rings should be replaced.

Liner bore conditions can be determined by visual and feel
inspection through the exhaust ports or when the lower piston is
removed. If an individual upper piston requires replacement of
broken rings prior to other rings wearing out, it can be removed
down through the liner with available tools and rigging without
removal of the upper crankshaft. Generally, inspections should be
conducted ‘as scheduled and as-needed plus whenever. other engine
work would make inspection convient. Engine components such as air
start valves .:and injectors should have a scheduled inspection and
be repaired as indicated by these inspections. Injection pump
condition can be determined by visual inspection of one or two
assemblies. Condition of plunger helix baricl port holes, rack and
pinion teeth, and delivery valves should be noted and recordad.

Ir all cases, different assemblies can be inspected at each scheduled
inspection interval. This inspection should include a dimensional
check cf all wearing type components and a record of operating

houyrs and the dimensions.

As previously stated, gocd general engine maintenance, such as
repairing all air, exhaust, and fuel and water leaks as they deve-
lop, will make it much easier to spot internal engine deficiencies.
The engine instrumentation and connection lines must be kept clean
and in good repair for proper monitoring of engine performance.

5.6 ENGINE TREND ANALYSIS

Engine trend analysis data can be more important than full
power trials as an indicator of engine condition. It reflects
changes in ¢ngine performance with time whereas the full power
trial indicates the system capability as only one time anpually.

The trend analysis is vseful for determining engine deteriora-
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tion and pin-peikting operational problems. Without good trend

‘Eiégdrds~ignbecpmgs_ye;yjdifficult to continue performing good

*éhgingéﬁfgkangiye~txpg maintenance. A well conducted program can
k2ep engines, in top dpe;pting condition,

We: recommend¢d obtaining operating data every 200 hours or
whenever engine difficulties are suspected. It is very important
that data for trend plotting be obtained at comparable engine
operating :conditions. Good trend data is obtained each time at the
same engine rpm and. fuel rack reading. In a turbocharged engine,
scavenging pressures and the other engine parameters affected by
scavenging pressure will show a change with speed and torque.
Engine ambient conditions should be taken into consideration and
plotted along with: propulsion loading data. The engine rpm and
fuel rack setting are the most important baseline references when -
obtaining engine data; not ship speed, propeller pitch, watér depth,
hull cleanliness, etc. ‘

The following should be considered in trend analysis:

1. ¢Cylinder Compression and Firing Pressures. These pres-
sures are most helpful in pinpointing a malfunctioning cylinder.
Generally, if other engine operating pressure and temperature in-
dications are normal, it is not worth the effort to check the
firing and compression pressures of every cylinder. Checking the
firing pressure of one cylinder every 200 hours would be worth-
while to assure that the engine and fuel settings have not changed
the overall engine peak.combustion pressures. If the check in-
dicates a change, then other cylinder readings should be takesn to
verify the'change and appropriate action taken to correct the cause.

2. Cylinder Exhaust Temperatures. The exhaust temperatures
are a good guide to the efficiency of the cylinder combustion.
(The two-cvcie O.P. turbocharged engine exhaust temperatures should
never be balanced by adjusting the fuel racks). The indicated
temperature is a time-average of the real tempevature to which the
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measuring thermocouple is exposed, and in the cace of FM engines,
the cylinder causing the higher tezperature may be actually up-
stream from :thé .one ‘indicating the largést temperature increase.
It is best to plot the dverage temperature of each three-cylinder
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%“ manifold ‘grouping for analysis and log the individual temperatures %%
% on a separate sheet. Individual or group changes in the exhaust éﬁ
temperatures without a change in other engine parameters point to il %%
4 faulty fuel injection components. A temperature change in all g,
cylinders indicates a timing or fuel change to all cylindexrs. T

Always study the temperatures and try to logically explain changes
as indicative of changes in air manifold pressure, load, ambient
temperature, air manifold temperature, or fuel-rack reading. If
only one temperature is greatly different, it may be instrumenta-
tion. A faulty reference temperature for the:pyrometer can also
lead to a change in all the temperatures. Also, a missing number
one compression ring on the lower piston will give an increase in
cylinder-exhaust temperature. It will show up as in increase in
temperature of the cylinder affected and other cylinders in the
same manifold grouping. The average temperature of this group of
cylinders will increase while other groups show little or no change
in average temperature. )

—
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3. Crankcase Vacuum. The crankcase vacuum normally remains
stable if the engine is in good mechanical zondition. A signifi-
cant change in crankcase vacuum should be cause fcer immediate con-
cern and all pessitle effort made tc determine the reason for the
change. A rapid change in crankcase vacuum is usually caused by a
severe engine malfunction, such as a failed or cracked piston,
failed turbocharger bearing and seal, failed blower bearing and
seal, or some reason for improper operation of the ejector system.
Crankcase explosions are nearly always caused by overheated power
parts, such as failed bearings or a severely burned pistomn. :
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4. Bngine Scavenging Pressures. The engine scavenging pres-
sures should be plotted against operating hours to help monitor
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scavenging system pressures. In ‘the turbo-blower series engine
configuration, log -and plot: .(a) pressure from the turbocharger,
(b) the precsure from the blower in the air manifold or pressure
from the ¢ylinders in the exhaust manifold, and (<) the pressure
in the exhaust stack from the turbochargers. The changes in air
manifold pressure should be studied in conjunction with any pres-
sure rise across the turbocharger and scavenging air blower as well
as the pressure drop across the engine cylinders and turbocharger.
If the scavenging air manifcld pressure increases, study the pres-
sures to determine the cause (turbo blower series only). Some of
the causes are:

1 é load increase on the engine (check racks);

2) 1lower air temperature to the blower which increases
the blower air mass capacity (check temperature to
blower);

3) colder ambient temperature which increases the pres-
sure rise across the turbo compressor because of in-
creased efficiency and blower air mass capacity due

to the higher pressure to the blower unit (check
ambient temperature);

4) carboned cylinder ports which increase the pressure

drop between the air manifold and exhaust manifold
(check for carbon);

5) blockage at the turbocharger nozzle ring and turbine
which increases the exhaust manifold pressure to the
turbocharger, usually associated with a larger
temperature drop of the exhaust gases across the
turbocharger (check for blockage);

6) increased turbocharger speed which is usually caused
by & blockage as in 5 above (This shows up as an in-
crease in air temperature across the compressor.);

~3

[N

extra exhaust gas energy to the turboccharger in the
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..+, form of increased -exhaust gas temperatures which can
... .'be :caused by a change in cranklead, late injection
. timing, or faulty injection nozzles;

"8) blockage in the exhaust piping £ m the turbocharger
‘ (chéck for blockage).

5. Lube 0il Consumption. Lube 0il consumption records provide
data on thelengiﬁe for comparétive purposes with similar engines
and help estimate future lube oil requirements. 1In an 0.P. engine,
0il consumption will increase as the engine power-parts wear to
their condemnable limits. Increased oil consumption can also be
caused by losses through external leakage, the turbocharger, the
scavenging air-blower seals, and filter or strainer cleaning.

6. Fuel Rack and Governor Indication. Generally, fuel pump
deterioration is so slow that any significant increase in fuel-rack
reading should be considered as a change in the engine load or in
engine efficiency. Other indicators will help determine where the
change occurred. If the engine is performing well, it is reason-
able to suspect an overload condition.

7. Pressure Differential Across Lube 0il Strainers and Filters. -
If the pressure differential is plotted versus time, it will normally
show a slow, steady pressure drop. A rapid increase indicates a .
failed internal engine component. A bearing or piston failure will
show up in one to three minutes by nearly plugging the strainer
screen creating a subsequent large pressure drop across the strainer.
The engine should be stopped immediately for internal inspection
of the engine. As the lube-o0il strainer screen begins to clog from
normal crankcase lube-oil dirt particles, the rate of pressure
drop increases rapidly over several hours, due to plugging of the
smaller screen openings with large particles and subsequent finer
filtration of the lube o0il. Smaller particles that would normally -
pass through the strainer are suddenly trapped. At each cleaning
of ihe oil strainer and each filter change, the elements should be .

examined for metal particles which may be indicative of metal
from various engine internal components such as a vertical-drive
bearing cage or gear-teeth.
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8. Eagine Water and Lube 0il Temperature and “Temperature
Differential. These should remain within published specifications.
An increase in differential temperature indicates a decrease in flow
or an increase in -heat;load. A dg;rgase in flow of the lube oil
can be caused, by..an open relief valve or a blockage in the circu-
lating system, A decrease in water flow will occur due ,to an in-
crease..in the system pressure drop.

9: “Exhaust Appearance. Exhaust color is a good indicator of
engine combustion efficiency. Black smoke can be caused by a
sudden: speed:1oad- increase, or overloading, or injection systenm
deterioration. ‘Nozzle deterioration will show up as an increase im
steady-state black smoke.

10. Instrumentation. Instrumentation must be kept in good
condition. and calibrated. Before trend data is obtained, accumu-
lated. liquids in.air and exhaust pressure gauge-lines must be blown
clean., . Test and calibrate instrumentation if any doubt exists as to
its accufacy.,

5.7 ENGINE IDLING

Lgpg periods of engine idle for warm-up or engine stand-by
are not desirable for any engine. Extended idling contributes to
increased sngine wear, degrades lube oil by fuel dilution and, in
the case of the 0.P. engine, contributes to lube o0il build-up in
the exhaust manifolds. This subsequently leads to manifold fires
and related safety problems. Any warm-up time beyond five minutes
only results in reducing the viscosity of the lube o0il and, there-
fore, oil pressure at rated engine speed. The engine normal opera-
ting tseiiperatures can generally best be obtained with the engine
operafing under loaded conditions. Low speed engine loading can
commence within five mihutes after ‘engine light-off time.

5.8 ENGINE LOAD METERING

.

A meaningful indication of engine load will allow operating
the engine to obtain best, performance. In light of the CG's pre-
vious experience and the complication of a sophisticated horse-
power meter, the 378-foot WHEC fleet should adopt a simple calibrated
fuel-rack position indicator. This indicator would give a very
reriable indication of engine torque. These devices can operate
25
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directly off the~engine:zovernor or from a potentio-eter at the
fuel-pump. qontrel rackeo:h L7 ’
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Available e&gine diegnostxcs presently require highly techni-
cal personnel to ‘obtain useful information. Such instrumentation
must be iiﬁﬁlified into useful hardware for the average engine-
man. Good diagnostics equipment, if and when available, would
help in determining engine performance deterioration. A competent
engine-man with knowledge of the particular engine type can sense
and anticipate engine service requirements. However, 2 simple and
easy way to interpret a diaynostic instrument that keeps the engine-
man involved and assists him in detecting engine malfunctions would
be most useful.

jS 10 ONE ENGINE-ONE SHAFT OPERATION AND PART LOAD SPEED OPBRATION

The use of one engine in place of two, when possible, offers
very important economies of operation, safety, and improved engine
performance. Two engines should be run only when needed for speed
and safety. Engine fuel consumption and performance can be im-
proved &t reduced engine speeds by keeping the engine torque near
the optimum fuel consumption point. Fuel rack position versus
engine speed information can readily be compared to the engine per-
formance map to obtain maximum economy with the variable pitch
propeller.

However, in one engine operation, care must be taken not to
over-torque the engine., Proper adjustment of the torque limiting
aspect of the engine governor is required when operating with one
engine or continuous overtorqueing of the engine could result. One-
engine operation is usually in the range of 460 to 770 engine rpm.
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On one ship visited, fuel injection pump rack readings were allowed
to go to 7 and higher anywhere in this speed range. These rack ‘
readings certainly indicated that the torque-limiter portion of :
tlic governor was not working or that the fuel linkage was improper- ;
ly adjusted. If the governor and linkage is per ™M instruction ‘
book, Section L, the fuel rack will be limited to 55 percent torque f
3
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at 450 rpim' and:‘allowed- to .increase: 1 percent each 10 rpm up to

900 rpm. » This ;set=up 'gives power and torque curves per Curve
8893CH on»:page: B8: of ‘the.-instruction book.. Such a correct set-up
will givesmaximum ‘engine bhreak-mean-effective pressures of 70 at

> . 450 rpm,>89 ‘at !600:rpm,. 108 at.’750' rmp: and 127.3 and 900 rpm, or

; fuel rack readings of.5.1, 5.7, 6.3 and 6.9 respectively. It is
important that the governor linkage be set-up to assure proper
action gg‘th;torgpe 1imitdng feature built into the governor. If
this is not the case, the engine can be severely overloaded at low
engine rpm. The englne turbocharger is not matched to the engine
for h1gh torques at low speeds. The torque curve of the engine
allows adequate margln for good acceleration when the propeller is
matched to the englne at 900 rpm, 100 percent torque. With the
torque 11n1ter worklng properly, there should be no problems with
black smoke .due to overload However there may be many cases
where the engzne w111 not pick-up speed when operatlng as a single
unit, plus it will take longer to go from 450 to 900 rpm engine
speed. Thls overtorqulng at low speed cannot be tolerated by a

. turbo- charged englne in the manner which a naturally-aspirated unit
can. The naturally aspirated unit, theoretically, has the same air
available per cycle at all engine speeds. Whereas, in a turbo-
charged engine, the cylinder air capacity will double as the air
pressure approaches 15 psig due to increases in air manifold pres-
sure, thus ‘allowing the engine to produce twice as much torque by
burning more fuel per cycle, It can be shown that, even thcugh the
engine“torﬁue curve is as explained above, the particular engine,
with a full §ize'$cavenging air blower, should suffer no operation-
al prohlems, in¢luding smoke, up to about 85 psi bmep or 67 percent
torque at any engine speed. And, in fact, since some charging is
obtained from the turbocharger at all speeds, 78.5 percent torque
or 100 briep may be a reasonabie limit. However, the engine should
never be allowed to operate above 80 percent torque below 700 rpm,
For an ‘engihe with the Series biower, a review of data from the
USCGC GALLATIN engine tert in Appendix D shows a torque increase
throughout the specd range with one shaft operation. It is
estimated that the full-lcad fuel rack-setting would have been
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reached st 700 to 750 engine rpm. If the governor torque limiting Ficr!
is set up properly the fuel racks will reach rack 6 at about 725 %?
engine rpm.  If the governor torque limiting is inoperative, the %
engine can be overtorqued at 725 rpm. Also, every time .a speed ;
increase is called for, the engine wiil be overloaded until the &
new speed setting siabilizes. The overfueling will also produce g&
a dark exhaust cclor until adequate air flow is developed by the ' f%
turbocharger or the fuel racks return to their normal steady- ) %g

state setting. e

Since the turbo-blower series engine requires less fuel for gk
full load, it is advisable to reduce the setting of the torque 34
limiting goverﬂ%r to limit maximum fuel to no more that rack 7 as 3§5
shown in the instruction booklet. With the turbo-blower series 7;
engine, the blower size is reduced by sbout 30 percent in capa- 5
city and acts as the second stage in the scavenging air supply.
At low speeds and loads, the air flow will be approximately 25
to 30 percent less than with the older style scavenging system,
This helps accomplish the desired results at lower engine loads.
The USCGC GALLATIN test results give a minimum pre-turbine
temperature of 590°F at 500 rpm with a fuel rack reading of 2.0 73
(less than 25 percent torque). At 50 percent torque, around .
650 rpm, the exhaust temperatures were up to 750°F,

&
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When operating under part load and speed conditions, the pro-
peller law requires that the engine power requirement decrease
rapidly as engine speed is reduced. With the present engines, the
air flow remains proportional to engine speed up to about 85
percent torque. This type operation leads to lube oil fouling of
the exhaust system at a low engine torque. Low engine torques
allow the exhaust gas temperature to drop below the flash tampera-~
ture of 1ube'oil, and the lube oil builds up in the exhaust system,
The Coast Guard issued a letter in 1969 which directs periodic
increases in engine load for a pericd of about 30 minutes per each
tweive hours of opération. The ietter recommends full pitch at
low engine speeds to accomplish the desired results. This state-
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Since premature, bearlng fa11ures were reported by some of the
cutters 1nterv1ewe&“'a11 action p0551b1e >hou1d be .taken to minimize
this occurrence. As some of the failures were attributed to human
exror, training of personnel is most important. Again the use of
the FM school is encouraged. Also, additir- 21 valve interlocking
and warning lights could be provided in the =il flow circuit.
Further, gradual degradation of the aluminum bearings should be

apparent in a well run lube o0il spectrographic analysis program.

5.12 OTHER PROBLEM AREAS

Other problem areas such as leakage, serviceability, exhaust
manifold gaskets and seals are covered in more detail in Appendix
A,

At least one cutter reported problems with injection pump

tappet rollers. Some of these parts were made of defective material.

This problem has been resolved by improving the material quality
and should correct itself as these parts are replaced. However,
this is a highly stressed component in nearly all diesel engines
and failure can also b: caused by dirt or high injection pressures,
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U. S. DEPARTMENT OF TRANSPORTATION CONTRACT NO. DOT-TSC-905
Modification No. 5

FM 38TD8-1/8 Performance :and Smoke Improvement

378' High Endurance vutters (WHEC's)

Monthly Progress Report - February & March 1977

Visited four U.S. Coast Guard High Endurance Cutters (378 class) as part of
Contract DOT-TSC-905, Modification number 5. ‘

USCGC Nallas (WHEC 716) Mr. Dennis Purvis

USCGC Gallatin (WHEC 721) Mr. Mike Goodwin
USCGC Hamilton (WHEC 715) Mr. Frank Tintera
USCGC Sherman (WHEC 720} Mr. Paul Hagstrom

The USCG Cutters Dallas and Gallatin were visited with the District Engineering
Officier, Lt. F.L. Ames, while the cutters Hamilton and Sherman were visited
with Mr. Bob Walter of the Department of Transportation.

The main propulcion engines in the 378' WHEC are Fairbanks Morse turbocharged
twelve cylinder oprosed picton Medel 38TD8-1/8 units rated 3627 BHP at 9C0 RPM.
The engines are ccanected by clutch to a variable pitch propeller thru a 6:1
reduction ygear.

The engines were manufactured by Fairbanks Morse between the time frame of 1964
and 1970. The engines scavenging system is blower-turbo-intercooled for part
load operation and turbo-intercooler for full load operation. An air inlet
check valve arrangement located at the turbocharger air inlet allows some air
to flow directly from the engine air supply to the turbocharger air inlet at
full load. The air inlet check valve around the blower opens when the exhaust
erergy to the turbocharger is sufficient for the turbocharge: air compressor to
demand more air flow than the engine driven blower capacity. The engine blower
capacity is sufficient for 75 to 90% rated torque. The air inlet check valve
is designed to open in this torqu- range and allow mecre air to flow directly to
the tubucharger air inlet.

These engines as buiit by Fiarbanks Morse included the following major power
components,

-12 cylinder blower - 34 inches long.
-blower drive ratio - 2:013:1
-turbochargers - Elliott H-56, 18 sq. in. nozzle ring.
-cylinder liners - turbo-diesel.
-piston - rotating design WHEC 7156-723
- fixed design ?Mexican Hat) WHEC 724-726




-Compression rings - barrel faced --16704845
-0i1 rings - standard:production (2-per piston)
-injection caas - .468 inchac 1ift
-injection pumps - 5/8 inch., V.E. helix
-injection nozzles - 150 pintie - WHEC 715-723
- 100 pintle - WHEC 724-726
-exhaust gas screens - changed to production cone design
-water keep warm -~ 1109 to 1400F.

Some of the problem areas reviewed during these visits with personnel of the
Cutters are listed a.d elaborated on below. Also included in this text is
input from the Main Diesel Engine Questionnaire Survey of al? 378' Cutcers and
a review of FM files on Seirvice Repair work ana Service Parts records of the
subject engines.

1.  Cylinder liner to jacket seal leakage at the exhaust port end.

: . Nearly all engines have had liner seal jeaks, one engine has had 3)
; Viners replaced due to seal leakage. Several cutters now demand
liners be resealed with high temperature 0-rings.

2. Exhaust manifold gaskets leak 1iquids and exhaust gases. Exhaust
manifold joints warp and come loose along with deterioration of “he
flexitallic gaskets. The copper gasket installed at the turbocharger
four pipe flange last about one year. The initial proposal by FM
for using a metal spacer at this joint was to aliow the four exhaust
passages to be sealed by flexitallic gaskets 35702533 $n conjunction
with copper flange spacer 16107551. The capscrews for the joint were
changed from grade 2 to grade 5 and %orqued 33 to 55 ft-lbs. If the

. copper spacer is oxidizins due to temperature a mild steel spacer per

{ drawing 16107551 could be used in place of the cnpper material. The

main function of the spacer is the carry the joints mechanical load-

ingkand'give a definite installed compression to tiie flexitallic
gaskets.

A e a8

The exhaust gas leaks cannot be tolerated by the engine .ince tkis
energy is then lost to the turbocharger. It is felt that the major-
ity of the engine room smoke is coming from vapor fumes off the
external hot surfaces. If the menifold joints Toosen they will leak
at start-up and continue to leak during operation. The leakage. is
generally most visible during start-up since the exbaust may have a
white color following engine start-ujs. Thisc exhaust Teakage must not
be allowed to continue except under emeryency conditions, since this
is a method of waste gating turbocharger =nergy. The more the leak-
; age the higher the exhaust temperatures will become at “oads above
75% torque and the more difficult will be the eshsust manif. )¢ seal-
ing problem. The resultant higher exhaust manifold temperatures will
lead to further warpage of the manifold joints and relaxing of tha
Joint fasteners,
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Failure of exhaust manifolad Tiexibie connectors is generally assoc-
fated with:misalignment or extremely high exhaust manifold tempera-
turas, The flexible bellows connectors ail have an internal bellows
guide which limits the axial movement within an acceptable range.
Manifold: extension pipes must fit at assembly without being forced to
bring on centerline or rotated to Yine bolt holes. The pipes are
assembled with a tension in the k:llows to give optimum flexible
connector 1oad at operating temperature. High axhaust temperatures
will leéad to preinature failure of the bellows due to the liotter
environment and excessive thermal expansion of the exhaust manifold
components.,

Exhaust manifold associated fires are caused by liquid leakage from
the exhaust piping joints and engine leakage from areas above the
exhaust manifold. Most fires occur at the front of the engine where
leakage from the front cover drips onto the hot heat shields and
manifold. It seems tiat leakage from the front of the engine war-
rants further investigation by FM. If leakaye cannot be eliminated
in this area it appezrs that a lcw cost leakage coliector system
vould be spplied to the front of the engine.

I\s mentioned in Item 3, exhaust manifold leakage must be kept to a
arinimum for geod engine performance. FEngine operational procedures
help control the excessive oil in the system at engine start-ups but
¢il continues to accumulate in the exhaust system during engine warm-
up and light load operation. This 0il1 then leaks thru the manifold
Joints causing engine room smoke and a fire hazard when the engine
Toad is increased. Use of the latest design exhaust manifold gasket
graove dimensions and surface finishes will reduce leakage from these
Jnints provided joint distoration does not take place due to oper-
ation with high exhaust gas temperatures. The latest production
groove design allows the joints to puil up metal (o metal, the flex-
jtallic gasket compression is then 15 to 25% of its thickness.

Eiicess joint loading is taken by the metal to metal contact of the
€ianges. With the old designed groove the gasket takes the entire
Jent loading which eventuatly leads to gasket collapse and complete
less of gasker flexibility. These gaskets have a maximum safe oger-
ating temperature. The production gasket drawing specifies 11009F
operating temperature and the type %17 stainless steel used in the
gasket manufacture is rated at 10000F maximum.

Injection compartment fuel leakage is reported as a fire hazard when
fuel sprays from the injection compartment, leaks thru the water
Jumper opening in the cylinder block or if the injection compartment
Tower deck becomes extremely Qot from the high exhaust manifold

temperatures and exhaust manifold ieakage. Injection compartment
¢akage 1s generally from:

Injection pump

a.
b. Injection nozzle
c. Drain line breakage and injecticn tube
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Injection pump leakage along the fuel racks. is generally an indi-
cation-of failure of the lapped surface between the pump body and
barret or excessive plunger to barrel clearance. Other possible
leakage areas wouid be the fuel header to pump body-gasket and
discharge valve cage gasket. Generally it requires a new gasket to
repair ieakage at these areas,

‘The injection nozzle leakage can occur at the fuel inlet fitting
Agasket or needle stop gasket and generally requires a new gasket to
vepeir leakage fn these areas. Best results at the needle stop
gasket is obtained by assembling with freshiy annealed gasket. After
dipping a1l internal parts in clean fuel oil snug assemble by hand,
then torque in on2 sweeping motion to 45 to 50 fi-1bs. After this
initial torquing, if the sleeve is disturbed it will generally
resilt in gasket failure. Also, if either of these copper gaskets
leak during engine operation, leakage will generalily worsen if you
try te tignten it.

Injection tube leskage is either due to insufficient tightness of
the fittings or at the nczzle end a crack in the ferrule sleeve and
requires replacing the sleeve or installing a new injection tube to
repair. same. Two wrenches should be uced, one at the nozzie fitting
and one on the tube nut, when tightening the fuel line or the fuel
inlet fitting gasket may be damaged.

Leakage due to failed fuel drain lines is usually caused;by over-
tightening the drain line fittings. At least ore vessel reported
stripping the threads on the brass banjo fitting for the drain line.
The fitting should only require good snugging for proper seal.

Another possible area of fuel leakage is the thread on the nozzle

"~ opening pressure adjustment screw. This can be eliminated by using
a thread sealant between the adjustment screw and spring sleeve when
servicing the nozzle assembly.

At lgast one af the cutters has converted to the latest production
gasketless nozzle assembly. Service kit P/N 16609071 includes noz-
zles, collars, injection tubing and drain lines for one cylinder,
figure 1. This assembly has no gaskets exposed to high pressure
fuel no external pressure adjustment screw and virtually eliminates
high pressure fuel leakage.

The latest production engine incorporates a water cooled barrier
‘below the injection compartment deck. This barrier is integral with
the water passages from the exhaust belts into the cylinder liner.
This design also seals the cylinder block opening where the water
Jumper passes thru the iniection compartment deck. Laboratory test
recorded up tc a maximm of 2009F lower injection compartment deck
temperatures wi%h the water cooled neat shielding. Catalog number
2115, figure 2. This feature is available for field retrofit and
offers reduction in fire hazards.
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"B, Savenging air-ieakgh o€curs. at’ the two rectangular siip Joints- in
- £he A1F ducting between, the turbocharger and-aip coalers. This joint
" .o has; been redasioned for'praduction sndfnes and fc danicted in figure
g o3 Part.alibers’ of new. parts.required are shown: “ihis.new design is
“being used isuccessfully in:engines operating with air .box pressures

up to 25 PSIG, and can be easily field retrofitted.
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..+, 01% leakage .fnto -the cylinders is.reported occurring on some engines
during :shut :down .and idle.operation. It is suggested that oil is
sti11 Teaking past the upper pistons due to failure to bar the engine
. over. one. half hour after shut.down, or excessive oil {s. entering this
cylinder during the initial thirty minutes after shut down. Other
areas where oil can enter the engire during shut down and slow idle
include 1iner to cylinder block seals due to deterioration or damage
during installation and the injection pump tappet housing to upper

.. crankcase, fit, just.below the -camshaft. Earlier engines relied on a
. metal to-metal fit to seal lube 01l into the crankcase and air into

. the ajir receiver at the point where the tappet housing passes thru
the crankcase. . . ~ - :

A production change was made in May .of 1968 to include an o-ring seal
at this interface. In fact the WHEC 724-726 may- have these particu-
lar seals. 011 leakage at this point would show up as an oil1 washing
ofithe -tappet housing inside the engine air receiver. This seal can
be added tn earlier engines by machining the aroove in the tappet
housing and breaking the sharp edge of the cylinder block to allow
assembhly without shearing the o-ring. The seal application {is de-
-picted on figure 4 and the groove details are shown on figure 5.

It was noted that at least one of the engines visited had only two ..
¢il rings assembled to the upper pistons. To slow the accumulation of
oil in the exhaust system during idle warm-up and 1ight load oper-
atior it 45 recommended that the third oil ring groove be fitted with
a 16191191 o1l drain ring.

Lube oil leakage at the exhaust belts to cylinder block fit is be-
coring a problem again. The acceptad solution for earlier engines
was to add two drilled hold dows capscrews with oil shields to allow
this leckage to be pulled back into the engine crankcase before it
reached a depth where it would overflow its built in dam. It shows up
as o011 coming from off the block deck below the exhaust manifold and
running down between the lower crankcase doors and accumulating on
the block mounting rails. Figures 6, 7, -and 8 show the hardware and
moditication. Laboratory experience with this modification shows
that eventuaily these capscrens become clogged with dirt and must be
ramoved to clean the o1l drain hole and the dirt accumulated in the
cylinder block deck capscrew hole.

The Tz2akidge is due to a humping tendency of the exhaust beit with
temperature causing a gap to develop between the block and the ex-
haust belt on the centeriine of the engine. This gap is then im-
pinged vwith high velocity lube being thrown from the crankshaft
bearings. The result is sufficient o1l pressure to cause oil to leak
ovtward across the horizontal gap.
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Production.engines have an o-ring installed at this joint. Again
“the WHEC 724726 ‘mire’ “than*1{KETy hid $his »iag nstalied during
. nngine nnnufacturing This o-ring Lin, be added to earlier engines
*ny 'Wachining the '0-ring gioove in the lower face of the exhaust
M Qg]t. The-o-ring is the same is used on the lower liner to belt

saai*unidh is’ suppiidd with ail “new: Cyiinder Tinér kits.

The exhaust beit to qylinder block o-ring groove dimensions are .102
+t0”% 110 “inches ‘groove depth with 9.51 1.D. and 9. 86 0.D. This seal
lpplication*is depicted on: figure 9, catalog 4018.8.

“This uould’be ‘the’proper time te aiso modify the exhaust belt to
manifold gasket groove to the depth of the present production en-
gines. Groeve depth .100 to .105 inches with 4.32 1.D. and 4.78

:. The liner to exhaust belt seal furnished with new liner kits should
- =be :usedin all turbochdrged engines. The only precaution needed is

0.

Y. T
BEX Py P

to make certain the leading edge of the exhaust belt fit is adeauate-
ly broken to prevent shearing of the o-ring at assembly. Later
exhaust belts incorporate a 30 degree lead fn at this fit. This
;2"{a;e§:u]d be added when making above modifications to the ex-

"s s.

Leakage at ‘the front of the engine is from varicus capscrews, covers
and . areas where shafts pass thru the cylinder block and front cover.
One consistent leak is the seal at the end of the fuel control shaft.
A new seal (P/N 16106089) will fix this leak. To prevent further
deterforation of this seal a metal heat shield should be attached to
the cover capscrews to prevent direct manifold heat radiation to the
fuel control shaft and seal. Most of the front end oil leaks can be
repaired with sealant and careful application of covers.

Water leaks besides the liner seals mentioned earlier include adapter
copper gaskets, adapter o-rings and exhaust belt triangular gaskets.

Generally adapter copper gaskets leaks will be eliminated if the in-
structior book is followed. It is important that the threads and
gasket surfaces are properly cleaned and free of nicks and pits.

The copper gasket must be annealed, properly centered on the adapter
and held in place with grease, beveled side towards the adapter.
Invart the adapter to be sure the gasket stays in place. Use adap-
ter installation tools and snug with a hand wrench. Again as with
the injection nozzle try to torque the adapter with one sweeping
motion. The copper actually flows and work hardens during the
torqueing action.

Premeture fatlure of the adapter o-rings generally indicate ex-
cessive cooling water temperatures. In certain engine appiications
thara has been some deterioration problems with the inner o-rings
used on the indicater valve adapter. A high temperature o-ring is
avaflable fur this seal at a cost premium of zbout 100X. The ring is
made of viton material, P/N 16704654 and replaces o-ring 16€701279.
Viton for the other adapters o-ring would be P/N 16704650 replacing
?/R 16701278 and P/N 16704651 replacing P/N 16701280.
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Since these -engines have been buiit the cylinder liner adapter
material has been.changed from. cold rolled steel to.a stafniess,

PR D1 AT iRt 2l
’=’53‘*“1f“!"=ew Sdgntas i :Le#\uﬁkreurru;:uu-resr:tant -and nas

fe . bettey hanhfecturingic6ﬂtrol“on the- toppe? gasket sezs dhchining

1 tThe: stainle:sfsteelfpartslare*automaticall&"furnifﬁ!d hy'the ser-

piatal ~wvicerdepartgentruhcn-new"adapters are?ordered 23w LT

'5“6‘ 3wt E wymne 885 anest asel i

. The: triangular igasket used: to: seal the water ju lpers ‘on:ithe exhaust
&*: n~belts has caused:many:-leaks dn the -past:- A new gasxet ‘design re-

leased in 1974 has «)iminated this probiem. The .new :gasket is
-directly interchangeible with the older part and carried the same

et oo partinumber; 16102122, . Figures 10:and 11show the inew gasket and

3 eeer Anstructjonsnfor p*opes«app?icap1on of : this gasket.'

- \"’

X AR S

ang .ji Tpe cnginejfront coveruand exhaust piping design ia,a veny common

- engige servicing conplajnt. The, front .cover cannot be removed from
“the engfne without removing the turbocharger exhaust .gas. outlet
piping. The only other possible way to remove this cover is with

;.3 a;th‘ upper crankshaft. It.is also difficult to remove the upper

oo ™ crankshaft without taking: the front cover with it. In éjther

L ;‘ 'ae- “tha ‘.."t cc"er mast be. .aaseﬁeu from Lhe engine biock to

, renove’*he upper crankshaft ..
DA ’Because of’the design it is difficult to changz the engine overspeed
' setting, replace or ‘tighten thé timing chain, balance the timing
”betueen sidés’ of the anaine. or clean the crankcase brcather scracns.
1t seems ‘that with the design of the turbo blower series air piping
-minor ‘'design ‘changes could relocate the exhaust piping to give
-adequate work clcarance

12. At Ieast one ship wantea to krow why these engines had 12 cylinder
air start valves instead of 6 used on staticnary applications.
The.engine was reported to start much easier with only 6 valves
plus require less starting air. One ship has converted to six
air start valves and.some are adding extra air compressor cap-
acity. The twelve valves are used on all Marine engines as a
standard production item by Fairbanks Morse. The extra vaives
assure that even with one valve mulfunctioning there wuuld be no
position at which the engine could stop where the air would not
bar it over for starting. This extra starting reliability is quite
important for marine engines. The six valves are adequate to start
the engine provided the Coast Guard. Cutters can tolerate a possible
situation where the engine may not bar over on command. Since these
engines are not reversible it may seem to be desirable to block off
six of these valves. Every other valve in the firing sequence of
the engine would be made inoperative by blocking the air start
distributor openings and disconnecting the air start valve pilot
Tine, cylinder liner dummy plugs are available from FM. However,
loss ‘of starting reliability under all maneuvering conditions would
result and only the Coast Guard can evaluate the risks versus the
ratura.
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.Loss.. of crankcase. vacuun is generally an 1nd1cation of - a mal
fupction in.the engine. . The malfunttion .should be located and
corrected. .Other than a cracked piston the Joss of vacuum will
gensrally be associzted with engine scavenging afr pressure leaking
into the engine crankcase. These leaks can occur at the turbo-
charger and blower seals or between the air reéceiver and upper
crankcase. deck. The other possible source would be down thru the
exhaust belt alcng the cylinder liner fit.

The leaks at the air receiver or exhaust belt ‘would be due to liner
to block seal deterioration or damage at assembly. Again some of
the earlier engines did not have a seal between the injection pump
tappet housing and the cylinder block or the cylinders liner and the

exhaust belt. These parts can be modified to allow application of
the production seals.

With the advent of higher air supercharging pressures in the 0.P.
engine it became necessary to rework the crankcase ejector system to
assure adequate crankcase ejector capacity. The change includes
removing all restrictions from the in flow passages to the ejector
and reoptimizing the ejector nozzle configuration. Tha larger flouw
passages included opening the 1-1/4 inch cored hole in the ejector
boedy to 1-3/4 inches and using gaskets with holes of at least 1-1/2
inch diameter. The new ejector nozzie has a smaller hole and extends
further into the ejector body. Figures 12 and 13 show the ejector
body modificaticn and the new nozzle. These parts are automatically
furnished by the service department if new parts are ordered. Part
numbers remsin the same.

The new ejector does not eliminate the need for preventive main-
tenance towards keeping the crankcase leakage at normal levels for
a given engine. Anytime there is a reduction in crankcase vacuim an
investigation to Tocate the cause must be made and corrective

action taken.

The Coast Guard lowered the oil sump levels per FM recommendation.
This change reduced the oil1 consumption to about one half of that
experienced orior to the change. The change was made by marking the
level stick as a funtion of normal ship rake and & certain level of
ofl at the center of the oil pan.

There was some concern as to whether the. iower lube oil level could
in any way be related to the bearing failures due to loss of oil to
the pump suction at engine start-up or in rough sea operation., It
does not zeem that thie would bs the case, however, & recording of
the engine lube oil pump discharge pressure along with engine rpm
during typical rough sea operation may de desireable,

Bearing failures on the Hamilton and Sherman were due to running the
engine with a ruptured strainer on the Kamilton and with no Tube oil
on the Sheman.
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18. A ‘cenwmon complaint was that the engines would not crwe un to cnged
or i¥ they dld, oniy with excessively high exhaust temperatures

‘ Temperatures in the 1100 to 1200°F were nentioned as, extremes and
#HJMWPmemm oL, L fra e

:J, _np R 5 I ;'{{* . [
These%high:exhaust tcupcratures are:due to eithertengineloverload or
-engine performince.deterioration. . The-overload will-always be in-
.dicated by the . fuel rack -position which shouid-follow the curve of
. Figure:-14-for :an-engine . in -good operating condition. Since these
. :.aregturbochargednengines and. the. turbochargers .are matched for the
~ maximum-power and. speed point (3627 HP & 900 NPM) full .lcad rack
. . .reading should;only cccur at 300-RPM. If the, propellex pitch has
. :been increased.at low engine speeds to keep- the exhaust temperatures
, .- above600%F .the pitch must be .decreased to norma} setting beforu
. running higher engine speeds. As-stated earlier, qenerally -the
engine blower will put out sufficient air for 75 tv 90% torque at
any engine speed. The highest exhaust temperatures will occur at
the speed and load where the air inlet check valve is just ready to
open.

Engine performance deterioration can include many items, such as,
engine settings, fuel injection pumps, injection nozzles, turbo-
chargers, air coolers, air leaks, exhaust leaks, pistons, piston
rings as well as characteristics of the fuel used in the engine.

To provide greater reliability, cooler operation, longer 1ife and
reduced fire hazard the turbo blower series scavenging system may be
desirable. This scavenging system increases the amount of excess
air available to' the engine at the higher loads. *.sides making

the deterioration margin larger the rate of deterioration is reduced
because of the cooler normal operating temperatures. The exhaust
system remains tight much longer, and the power parts generally have
a Tower rate of normal wear.

16. These engines have pistons of both the rotating type and Mexicarn
Hat type. Vessel WHEC 715 thru 723 were built with rotating pistons
while WHEC 724 thru 726 were furnished with the Mexican Hat fixed
type pistons. It seems that most of the cutters are changing from
the rotating piston to the Mexican hat piston. The change is being
made piecemeal (one cylinder at a time) and by sets.

The latest production piston is of fixed version having a combustion
chamber configuration similar to the rotating pistons. The upper and
lower piston and insert are identical. The latest production piston
has proven to be much more durable than either of the earlier pistons.

. The newer piston has excellent internal oil cooling surfaces, giving
low ring temperature and longer ring life.

It 15 recommended that all new pistons be of the new style when
changing pistons efther by cvxlinder or set change out. Figure 15, cat-
alog no. 5.6, shows the parts needed to install the latest style
production pistens.
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. The new piston requires that the injection nozzle assemblies have 15 o
; degrees holders. This is-the angle of the spray tip relative to &
i .the.centerline:of the-holder. The latest engines in the fleet were |
: - buitt:with.mzzles. having 10 degree holders. The original nozzle
-~ assembly intérnal parts were the same for the 10 and 15 nozzles. The o8
i _ 10 degree holder is P/N 16201441 while the 15 degree holder is P/N
§ ‘ - 16200805; . Since some of the cutters are changing to the gasketless
! " . nozzie the fleet should have available extra 15 degree nozzle hold- -]
c ~ers-as-well as assembly components. The 10 degree holders should s
not be used with the new style fixed piston assemblies. These new
style:pistons are the correct parts for engine convarsion to the
‘ turbo bliower series scavenging systems. L
f
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FUEL INJECTION
NOZZLE ASSEMBLY

FOR FAIRBANKS MORSE
CPPOSED PISTON ENGINES
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® Nozzle assemblies available for
aiesel, turbo diesel, dual fuel and
turbo dual fuel.

® Elimination of 3 gaskets as high
prassure seails.
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@ Replaceable on most engines :
in the field. I

@ Factory warranty on every
replacement part.

@ Precision manufactured parts insuie
angine oparating economy.

§ 2ie a3 sdbm i ko

N e ra —tve oAk | A b SmnAn  + ek

@ Designed and built by skilled
experts who buiit your engine
originally.
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Contmumg engine developments keep your
‘Faurbanks Morse Opposed Piston Engme
operatmg effncaently and economlcally

Av/ The new gasketiess nozzle uses high pres-
sure metal to meta! sealing surfaces with
matching faces, precision ground and

E Pl iapped. This method offers the ultimate in
a leak proof seal and withstands extremely
high pressure when properly torqued.

for high Three copper.gaskei which were used for

fusl orassuns o z \ -Digh pressure seais, have been eliminated
operaﬁon! s e T in this new design. This practically elimi-
el . nates any possibility of icakage of fuel.
This new nozzle unit is completely replace-
able on most engines in the field and cffers
fewer paris, direct fuei flow, iess mainte-
nance and increased tip life can be ex-
pected. When replacing nozzle tip in the
field o special tools are required.
Your periodic nozzle maintenance schedule
can also be lengthened because these
highly machined surfaces offer fewermain-
tenance problems in seaiing high pressure
fuel than copper gaskets. By replacing sour
present nozzles you are assured of a lorger
period of ccnsistent fuel delivery to all
O cylinders. You get ;m:)roved engine op&a-
withstand iion through correct fuel quantity to eath
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high cylinder on every numping stroke.
pressure!
NEW
' ~ARN GASKETLESS
~ NOZZLE

High pressure Ny \
fuel (¥ hY
{to cyrndsn) X
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Low pressure 11 o

fuel
(to tank)

FULL WARRANTY
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. Fo
-.4018.10 ~ Rev, ' i 1%
© mer . ; 0 Marine PART o NUMBER e
. NO. T NAMEOF PANT . NIMBTR vseo 9%
2 ) . e
1, Cylinder Liner - Service Kit (Pc. 1-9) . ., . . . 16 £07 672 i E’E;
¢ RING, Limer 20 8366k o & v o v o ¢ v 0 v v o 0 o 16 102 902 2 %
3 RING, O1) Seal . ., ¢ . . v v e v a v o o s v o s 16 106 46% 1 ;@
4- RIKG, ExhsustiBelt Seal . ., . .. ... .. .. 16 301 282 i yrg
s STUD, "ASsembly, MWater Connection {Pc. 5-7) . . . 16 103 860 ] | B
6 THREADSEAL & . & v v ¢ o s o ¢ o 5 o ¢ 2 0 s o » 16 108 518 s b2
7 NUT,. Mater Connectfon Stud « . . . . . . . ... 81 328 591 6 53
8 NUT, Rater Comnection Stud . . . . . .. ., . . 81 344 094 2/8-16 6 2
-9 WASHER, Mater Connection Stud . . . . .. ... 16 101 325 £ A
10 Exhaust. Belt - Assembly {Pc.10-18) . . . . . . . 16 805 432 1 R -
BELT «Not furn. sep. . ¢ . . v ¢ o ¢ o o o o & 16 702 308 1
1l INSERY, Manifold Capscrew . o « . ¢ o v o o o 16 701 263 4 E;
‘12 LOCKRIIG. qnsert o . . . b s e e e s e e e 16 701 265 £ L&
13 DOWEL, ‘Exhaust Belt . . . . . ¢ « ¢ s o ¢ o o 16 101 320 4 2
14 RING, C11 Seal . & v v v v v v ¢ o v o o v o o o 16 106 459 i Mt
15 RING, Exhaust Relt Seal Riag Support . . . . . , 16 102 412 i ¥
16 CAPSCREN, Exhaust Belt . . . v ¢ ¢ o ¢ ¢ v ¢ o & 91 121 349 1/2-13x1-3/4 ]
17 LOCKWASHER, -Exhaust Belt Capscrex . . . . . . . 16 101 324 ] . 3
18. HASHER, Exhayst Belt Capscrew . . . . . . . . 81 395 830 £ 5
19 CAFSCREN, Cylinder Liner to 8lock . . . . . ., . 91 125 658 4 %
20 LOCKPLATE, Cylinder Liner to Block Capscrew , . 16 107 82¢ 4 ?
. %
* Per Cylinder b
£
1 A
« iy
5

T R L T R T T

CYLINDER LIAER
FIGURE S
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H . ... ;GASKET APPLICATION .-
: Coon o : 3
i., ' .iExhaust Belt Water By-Pass Fitting - ; ki

-~ . * ; -t f"z

Do not use tise gasket with a 9¢° angle cross section, use only the latest gasket ;

with flat cross section. The new and old gaskets carry the same part number, g

namely 16102122, B

" Apply the new gasket as follows:

1. Clean-all gasket surfaces free of dirt, scale and oil.

2. Coat gasket area of the exhaust belt with “Goodyear* Plfobond 20 industrial <3

adhesive or equivalent. Apply Tight coat with brush. e
3. Firwly apply gasket to adhesive before it dries. _
4. Clean 211 threads. Chase threads on belt studs with : 5/8-11 die nut. 5
5. Apply new *0"-ring to gland nut. ?
§. Lubricate the "0"-ring seat by applying & light coatfag of grease to the hole
in the water by-pass fitting.
7. Lubricate the stud to mut threeds and nut bearing srea with molycote or "
squivalent.
8. Torque nuts with heat shields under the nut head, 30 to 35 ft.-1bs. -
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UNLESS CTRZPNIZE 2PLCtF1£D
L . & FreLeEr R40m
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PAINT OUTSILE SURFACELS

i NITH ONE COAT OF THERsU—~
"y ITE CR LCUIY, AstitT s/n1eny
: . . WNIL WITNSTAND TEP

UP 0 100" £

TNERIARLITE IS A SILICENE
AWD ALLIUNUM FRINIT IADE
BY TROFICAL PAINT CO.

V/BP =296 YL YO TH. ST,
CLE/ELRND 2, CNIO
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s YNBSSl e . g"
7" Covalog No. 5.6 - Page 2 W W‘m SR
. — - mswea— %
fRee. L %
WG W or s R e ~ =
‘i; Upper Piston - Complete + ¢ o o o 4 o . o v o o o oS 36 S08 N1 - 3 " 'ﬁé
o PISTON, UPPEr . & . ¢ v v o o o s s o o 0 o n s 0 o 16 203302 * i =
. “Pisten Iniert Atsesbly - (Pe. 3, 16 817} ¢ . - . . 18 60§ 129 - 1 T3
1% BUSHIKG, Pistem Insert . . % 2 4 4 5 ¢ 2 ¢ 4 i o 5 1& 300 358 2 =
*!‘7 "l'., ..‘_." t.‘k e & & 8 e s ® * T S 8 8 5 A " s o :61 lal 2 ;:3-"'-
‘: *i‘*!’t:.c ‘ ® 6 @ ¢ 5 & ¢ o 02" 8 & 2 8t 4 ¢ e 2 @ 1b 101 18, ! \;:,E
- 5 s'“s"' o” ..t"l.' L ] . . * L * . L ] t ] . L] . L4 L) > L] !‘ 10: 1,0 !l i.(él
‘Z ’l’. "’Q“ ¢« ¢ o 2 6 8 8 B * 6 & 3 5t 4 @ * o @ 1‘ 200 27‘ 1 ':‘;,E
7 BUSHING, Pistem PIR . . . . . 4 ¢ .o ¢ 6 0 2 o s o 18 701 7¢7 1 el
s RING, CORPL@SSIOR . « o « oo o o ¢ o a s o o o ¢« 16 704 843 3 s
$- RING, Of) Scraper . . . ¢« ¢ ¢ ¢ ¢ ¢ 6 2 o 0 0 0 o 16 300 217 i e
11' *l"g 0'1 ﬂ'.i. ® 8 &+ o 8 & 0 s ¢ 0 s s s 0 0. l‘ 101 1’1 2 ‘5‘.’2
12 RING, Of) Scraper Expandar . . + o+ o o o ¢ o o ¢ o . 16 103 192 1 5
13. ~ 'oLTi “‘x . : 4 & & @ & ® 8 & & o % 4 o 2 & s ° 92 o l‘ 70‘ 7‘0* ‘ _{2_
l‘ :LOC%PLATE S o & o o 8 & 2 o 6 6 s & 0 o 2T 6 & & 4 o 001‘012.02.10* 6 L:/—’?‘
* %o, Usad per Pisten e
*Upper & lower piston assy. the
same except for oil ring combi-
nation. Parts needed for up-date
to fixed piston of latest style.

OIL RINGS COM8,

Groove Lower Upper

inner 16 300 217 16 300 2i7/16 101 192
Middle 16 101 191 16 101 191
Quter i6 101 191

o 1’
f}‘yw‘.&%‘t o oA

SIS N, v, UV VPR RSP ILIR S SIEANOLIE GO

UPPER PISTON
or Lower

AT

FIGURE 15

D

R J N

ALWAY3Z GIVE ENGINE SERIAL NUMBER
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4.5, Depariment of Transportation tontract No. DOT-TSC-905
Modification No. 5
FM 38TD8-1/8 Parfarmance and Smoke Improvement
378' High Endurance Cutters (WHEC's)

#onthly Progress Report - January 7, 1977

The shop test logs from fourteen of the subject en)ines were reviewed and the
average performance data of each engine was tabulated on shop Zest logs. All

data is at 900 rpm and was tabulated for each 25% increment of rating, including
110X Toad. The 100% load log cheet includes engine settings, such as turbocharger
nozzie ring area, cranklead and fnjection timing.

The average data of these engines is plotted versus brake mean effective pressure
&nd attached as Curve No. 56, shests 1 and 2. The break noted in the data lines

of the exhaust temperatures and scavenging air pressures is typical of the 387D8-1/8
having the scavenging air blower working ahead of the turbocharger compressor. If
you examine the scavenging air temperature to the turbocharger inlet, you wiil note
the decrease in temperature with increased bmep. This temperature is a furction

of the ambient air temperature and the work of the scavenging air blower. The air
temperature from the compressor has a break in its curve at the point where the
scavenging air check valve opens. This valve opens when the displacemeat of the
scavenging air blower is less than the engine requires, dictated by the energy to

_ the turbocharger and the overall efficiency of the turbocharger. Above this point

the engine scavenges without the aid of the scavenging air blower.

Engine serial no. 38D867070 was run through the speed range of 300 to 500 rpm at
each 100 rpm increment during the shop test. These data are plotted as Curve No.

?g, sheets 1 through 3. The data is piotted versus rpm and as constant torque
nes.

Afr manifold pressure in inches o7 mercury as a function of load and spead are
shoym on Curve No. 11205CH.:

The average preturbo exhaust temperature in degrees Fahrenheit as a function of
engine load and speed is shuwn on Curve No. 11207CH.

The engine brake specific fuel consumption obtained during shop test as a function
of tolal engine horsepower and speed is shown on Curve No. 11204CH.

The engine fuel rack position as a function of engine total horsepower output at
varfous engine speeds is shown on Figure 1 dated January 6, 1977, Lines of con-
stant torque and fuel consuirption are 21so plotted on Figure 1.
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6 CYLINDER

LABORATORY TEST DATA

ENGINE WITH TURBO-BLOWER SERIES

SCAVENGING AIR SYSTEM
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U. S. DEPARTMENT OF TRANSPORTATION CONTRACT NO. DOT-TSC-905
Modification.No. 5
FM 36TD8-1/8 Performance and smoke Improvement

378' High Endurance Cutters (WHEC's)

Monthly Progress Repoirt - April 1977

Tests were run using a 6 cylinder laboratory engine to determine expected perform-
ance and engire operating parameters with the latest production engine scavenging
air system ard power components. Variable speed torque loading was per the initial
contract specifications shown on FM curve 11188 CH. Power output was one-half that
shown, since tests were run with a 6 cylinder engine.

These data were cbtained with 70°F air to the turbocharger compressor inlet and
120 to 125°F air to the engine driven scavenging air blower. The turbocharger was
a unit built by Alco instead of Elliott Co., except with the 19 square inch nozzle
ring. The data on curve no. 62 with an Alco and E11iott turbocharger shows the
difference between the turbochargers is insignificant.

The engine had the latest production turbocharged pistons. The scavenging air
blower capacity was 1.23 times the engine dicplacement volume. The 12 cyiinder
engine with a 34 inch long blower and 1.51:1 gear ratio, as used for field conver-
sion to the new scavenging air system, gives a ratio of 1.26 times the engine
displacement volume. This blower capacity is about 3.6% more than used on produc-
tio? 12 cylinder engines with the 27 inch long blower and 1.835:1 blower drive gear
ratio.

The fuel injection pumps for these tests were turbocharged dual tuel type. The
pumping characteristic of this pump is the same as the diesel fueled engine injec-
tion pump, except for the rack reading. The adjusted rack reading for a diesel

. pump is shown as a dashed 1ine on the attached curves.

Curve no. 60 shows the above described engine performance with a 17 and 18 square
inch nozzle ring with engine loading per curve 11188 CH. Engine performance is
very good with the 18 square inch nozzle ring, giving a .368 to .378 brake specific
fuel consumption throughout the speed range of 450 to 900 rpm with a maximum pre-
turbine exhaust temperature of 920°F. The F/A ratio is very good and remains in
the range of .024 to .026 pounds of fuel per pound of air throughout the operating
range.

Curve no. 61 shows the engine performance at maximum rated speed operating between
75% and 110% rated torque. The engine performance is considered very good with
the 18 square inch nozzle ring and gives firing pressures of about 1210 psig at
rated speed and torque with an injection timing of high cam 36-3/4 degrees after
inner dead center of the lower piston.

C-3
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Curve ne, 62 shows the engine perfyrmance uging a 19 square inch nozzle riny in
two different turbochargers. These data show 1ittle change from the 18 square

inch nozzle ring and are considered accaptable. The fuel consumption is slightly
@ better with a small increase in smoke and exhaust temperatures. “he prake specific
; atr consumption remains above 13.9 1bs/bhp-hr. and is considered goad.
Z The smoke readings obtained during these laboratory tests are higher than what |
: would be expected. Partly because a 12 cylinder engine generally has a little
3 lass smoke and secondly because the injection nozzles were in a deteriorated con-
B dition when these data were obtained. Later, engine operation with new injection
? nozzle tins gave about a 30% reduction in Bosch smoke units.
? For 378' Coast Guard Cutter engine conversions to turbo blower se¢ 2s scavenging
3 air system, the best all around engine performance should be obta ] with a 19
3 square inch nozzle ring. This takes into consideration that the engines are gener-
b ally not run at 900 rpm »wA can have air inlet temperatures well below 70°F. The
e 19 square inch nozzle ring will give adequate air at reduced engine speeds and with
[ turbo air inlet temperatures up to 90°F.
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PERFOIMANCE CURVE - VARIABLE LOAT
LIESEL CUMFIGURATION

3 ENGINE test 6 . LINER 1o 202 229/15302 283 FUEL 42 Shon
% . ) SERIAL WO, 337193 . PISTOR 16 401 902 AMBIENT TEMP.  €8-72°F
BORE/SYROKE 8-1/8 x 10 AQ 141* AC 255¢ BAROMETER 9.2}
COMPRESSION PATIO 11:1 EG 117° EC 243° AIR MANSFOLD TEMP. 163-165°F
TURBOCHARGER  \lco 720 . FUEL CAH  Production ENGINE SPEED 900rpm
"~ . . WOLILE RING AREA 17 sq.in./(q sq_""UECTlM P.C. 6.25° BIXCLC LOG X0. 2510
. DIFFUSSER HEIGHT .690 inch CRANKLEAD 18°LL DAVE RUN  2/28/77
PSEL WOLILE Gasketless BL. ENG. VOL. RATIO  1.23:1 DIESEL. __x  OUAL RUTL
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F/A RATIO
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Alco 720 .690/19 sq.in. BL. ENG, VOL. RATIO 1.23:1 E1110t He5b  730/19 sq. in.
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BENEFITS OF TURBO-BLOWER SERIES ARRANGEMENT

i. Increase Horsepower 10% with improved piston life
and ring wear.

2. Exhaust smoke and exhaust temperature are reduced.

3. On diesel operation the Turbo-Blower Series Arrange-
ment system provides 20% more air at all loads.

4. Cylinder Liner temperature is lowered due to excess

air, i%

E

5. The &ir inlet check valve atove turbocharger and $¢
associated p:ping has been removed thereby simpli- gg
fying maintenance. %
These benefits are available for existing engines when ‘é
the conversion kits described in this brochure are ‘§
:

applied, L%
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DESCRIPTION OF THE
S . TURBO-BLOWER SERIES SCAVENGING SYSTEM

.

PREMITPRETIT TP L

RS ARIRREA

The turbo-blower series arrangement is an improved scav-

A AT

enging system just developed. See Fig. 1. The turbo

blower system draws air into the turbo-compressor where

PV RS

it is compressed and discharged through a cooler to the

engine driven roots type blower. This second stage

blower, operating at a low pressure ratio, discharges
the air directly into the engine air box, From here it
flows through the cylinder intake ports. After the com-
bustion cycle it passes out’the exhaust ports through

the exhaust driven turbine and finally out the stack.

H
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- e
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The turbo-blower series arrangement substantially im-
proves performance of Model 38TD8-1/8 (Turbocharged
Diesel) and the Model 387DD8-./8 (Turbocharged Dual Fuel)

engines, Power is increased by 10%. Exhaust smoke, ex-

R iy it AR 7y AV AL
£ A AT B S MOt

haust temperature and wear are all reduced. On diesel

the turbo-blower series arrangement system provides 20%

more air for all operating conditions and lowers the

engine exhaust temperature, piston temperature, and liner

X temperature. This provides longer engine 1ife and de-

creased wear. The mechanical driven air blower also

1. provides excellent response to sudden load changes.

C-15
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THE NEW DESIGN CFFERS !
SIMPLER PIPING AND LESS MAINTENANCE ;

[P

Figure 2.

In the original design the larger engine driven roots

i
type blower was used as a first stage compressor. Air . ég
was discharged from it into the turbo-compressor. This i
roots blower was needed for starting and for part load *é
operation. At full load this blower was by-passed by ;i
an automatic valve to save fuel. The original design ¥

was basically a blower-turbo series for start and a

this parallel system with extra piping and valviag in- *
volved, the manifcld was quite bulky and cemplicated.

The turbo blower system requires less piping and has

simplified controls.
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A NEW SCAVENGING SYSTEM

The new turbo-blower series arrangement substantially
improves performance of the Fairbanks Morse 8-1/8" bore
opposed pistosn engine. Power s now increaced by 10%
with the potential of another 10% next year. Speciftic
fuel consumption, exhaust smoke, exhaust tempzrature and
wear are all reduced. This is accomplished through 2

significantly improved air scavenging system,

Figure 1, compares the improved scavenging system to the
original system. The new system draws air into the turbo-

compressor where it is compressed and discharged through

ARSI IL SRR I o SO IIIMA RN NN

a cooler+ to the engine driven roots type blower. This
secoﬁd stage blower, operating at a low pressure ratio,
discharges the air directly into the engine air box. From
here it flows through the cylinder intake pcrts. After
the combustion cycle it passes out the exhaust ports
through the exhaust driven turbine and finally out the

stack,

In the original design a larger engine driven blower was
g g g g

required as the first stage. The compressed air wzs then

discharged into the turbo-compressor. This Biewer was

-

needed for starting and for part load operatisn. At ful
load this blower was by-passed by an automatic vaive to

save fuel.
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DEVELOPMENT PAYS OFF

Figure 3, chows that the famiiiar OF engine siihouette
remains nearly intact. Clearly the switch to the im-

proved scavenging system has appreciably simplified the

front end piping without repositioning any of the major

enigine components The number ¢f parts for the air
scavenging system has been reduced 50%, wrich will im-
prové serviceability and reliability. Prior to release
for production, the new system was thoroughly evaluated
from a durability and performance stapdpoint. Three
test engines, two s{xes and a twelve, were used for this

program, and many thousands of hours wer2 accumulated.
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SMOKE REDUCTION

The improved 8-1/8 0-P will be offered in both the
diesel and the dual fuel version. The performance is
improved by the additional scavenging air. The exhaust
temperature js reduced and the cylinder firing pressure
has been kept undef 1350 psi at the 140 bmep rating.

The fuel econcmy is improved as shown in Figure 6.

Probably the most important improvement is the signifi-
cant reduction of smoke and emission level. This is
important due to increasing awareness and concern of tne
gene}al public for reducing environmental pollution.
Dual fuel and diesel engines, properly applied, are the

least polluting and least obnc-ious power source,

The smoke for the gas operation is 210t visible and for
the diesel version, it is barely visible and cerfﬁiﬁ?y
less tnan 10% opacity. This is well below the limit of

many state and federal regulations.

Because of the very clean and lean combustion the exhaust

emission leve” i< reduced by 30% over previous designs.
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PISTON. LTNER, AND INJECTOR VARIABILITY
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U.S§.C.G.C. 378" WHEC
MAIN DIESEL ENGINE PISTONS

The Coast Guard is changing from the rotating piston design to fixed pistons on
the subject cutters. Fairbanks Morse recommends that the latest production fixed
piston be used. (P/N 16401902 Piston, 16508129 Piston Insert, 16704740 Capscrews
and 0014012.02.10 Lockplates) Al1 other piston assembly components are the same
for all turbocharged engine pistons. A complete list of parts for the piston
assemblies is shown on parts list Catalog No. 5.6.

This new piston is used in new turbo blower series scavenged engines and is the
piston recommended by Fairbanks Morse for turbo blower series conversion kits.

The following precautions should be adhered to when installing the subject piston
assembly:

1.
2.

Always install as a cylinder set to maintain the correct compression ratio.

Only install in a new cylinder liner or a liner that has operated with the
rotating style piston. Cylinder liner wear at inner travel of the piston
ring with the Mexican Hat fixed piston will lead to ring breakage if the
new piston is installed in such a used liner.

The injection nozzles should have the 15 degree angle holder. The 15
degree old style nozzle holder would be P/N 16200805, all other parts are
the same as the 10 degree old style nozzle.

Gasketless 15 Degree Nozzle -
Nozzle Kit, Consisting of 4 Items; 16609071

1 - Injection Nozzle Assembly 16705667
1 - Injection Tube Assembly 16204287
1 - Nut - Injection Tube 92004341
1 - Sleeve - Injection Tube 22004353
1 -~ Coliar - Nozzle Hold Down 16108370

The 10 degree gasketless nozzle can be converted to 15 degree with the
following parts:

1 - Injection Nozzle Holder 03730100
1 - Injection Tube Assembly 16204287
1 - Nut - Injection Tube 92004341
1 - Steeve - Injection Tube 92004353
1 ~ Injection Hozzie Tip 16102147

The 15 degree injection nozzles will work nearly equally well with any
of the piston combinations available for the turbucharged 8-1/8 engine.
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16 608 300 J

16 608 301

£3800Q708-1/8

Catalog No. 5.6 ¢ qug 3

. PIECE . PART . HuMBER
E. NO. HAME OF PARY . NUMBER * USED
3
£ - | Lower Pisy - COMPIEt® « ©+ « « o o « ¢ o « o o « & 16 608 300 1
i 1 PISTON, Lower . . . & ¢ o 4 o o o o o o o o o o o s 16 401 902 1
9 3 Piston Insert - Assembly (Pc. 3, 16 4 17). . . . . . 16 608 129 1

: 16 BUSHING, Piston Insert . . . . . . . . « ¢ o o o+ 16 300 358 2
Ei 17 PIN, Bushing Lock . . . « ¢ v ¢ o ¢ ¢ o o o o o o » 16 101 188 2
4 4 RETAINER, Of1 . . . . v v v 0 v o s v s o a0 o s 16 101 189 1
z: v 5 SPRING, 011 Retatner . . . . . o + ¢ & ¢ o o o o o 16 101 150 1
e 6 PIN, PIStOn & & . & v ¢ v o v v o o s o o o s o o o 16 200 274 1
3 - 7 BUSHING, Piston Pin . . . & « ¢ ¢ ¢ 4 o ¢ o o o o & 16 701 767 1
8 RING, Compressfon . . . ¢« « ¢ ¢ ¢ o s ¢ ¢ o o o o o 16 704 845 3
4 9 RING, Of1 Scraper . . . v v ¢ ¢ o o o o o s o o o 16 300 217 1
H 10 RING, 0f) Drafn . . . . . & & o v ¢ v o o o ¢ o o o 16 101 191 1
13 BOLT, Hex . o & ¢ ¢ v ¢ ¢ o s o o o o o o o o o o o 16 704 740 4
E " 14 LOCKPLATE . . & v & o v v v v o ¢ o o o oo o v o o 0014012.02.10 4
* HRo. Used per Piston
:’, ' .5ee Page 2 for Upper Piston
,. ] NOTE: No 011 Drain Ring used in Piston Skirt End Groove.
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ALWAYS GIVE ENGINE SERIAL NUMBNER
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P3800T08-1/8
Catalog No. 5.6 . Page 2
PiECE s PART o NUMBER
NO. NAMI. OF PART . NUMBER USED ;
2 Upper Piston - Complete - . . . . . .. s e v e e 16 608 301 1 ~
2 PISTON, Upper . . . . . . . ¢ + « & e e e e 16 401 902 1
3 Piston Insert Assembly - (Pc. 3, 16 4 17) =« « . - . 16 608 129 1
16 BUSHING, Piston Insert . . . . . . . « o ¢ o o v . & 16 300 358 2
17 PIN, Bushing Lock . . . . . « v v v ¢ v o v v o o W 16 101 188 2
4 RETAINER, 091 . . . & ¢ v v ¢ v v v e e s v o o 16 101 189 1
5 SPRING, 011 Retainer . . . . . . . . e s e e e e e 16 101 190 1
6 PIN, PIstonm . . . ¢« ¢« ¢ ¢« ¢ ¢ o o o o o o o o s o o 16 200 274 1 i
7 BUSHING, Piston Pi s s s e s e e e e e e e e e 16 701 767 1 :
8 RING, Compression . . . . . ¢ « ¢ ¢ o ¢ o o o o o & 16 704 845 3 E
9 RING, 041 Scraper PR e e e e e e e e 16 300 217 1 p
11 RING, 0§11 Drain 16 101 191 2 :
) 12 RING, 0} Scraper Expander . . . . . . . . . . . . . 16 101 192 1 ’
T 13 BOLT, Hex . + . v ¢ v v « « & 16 704 740 4 . .
A 14 LOCKPLATE v v v v v v v e o e e e e e e e e e e u 0014012.02.10 4 ;
5 3
* No. Used per Piston (
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U.S.C.G.C. (378') MAIN ENGINE PISTONS

The éngine build pistons were of rotating type for the 378' cutters, except for
the cutters Munro, Jarvis and Midgett which were built with the Mexican Hat style
fixed pistons. -

Rotating Piston

The rotating piston does not have a heat dam above the compression ring belt
and uses a 3/8 inch thick crown with a rotating bearing between the connecting
rod insert and the piston. The insert and piston are retained to one another

by plates bolted to the insert which run in a radial piston groove. A 1/32

inch clearance in the groove above the lock plates allows for rotating bearing
wear and piston length change relative to expansion of the insert and piston
crown support struts. If these dimensions get out of tolerance due to wear

or temperature expansion, the lock plates start carrying the firing loads. This
result causes rapid fretting wear of the rotating bearing and possible complete
destruction of the piston.

The rotating piston has a high ring belt. The top ring is 13/16 inch from the
crown edge. It allows for minimum mechanical loading of the cylinder liner by
exposing a minimum area of the liner to firing pressures. Because of its con-
struction it also runs quite hot and causes the liner to run hotter than
necessary, which can lead to thermal loading in the liner.

The ring life is marginal with the rotating piston at 900 rpm engine ratings and
yet quiet acceptable at the 720 rpm rating.

Mexican Hat Fixed Pistons

The Mexican Hat piston was released for the turbocharged diesel engine in par-
ticular because of marine engine problems with the rotating piston. This

piston was only used in diesel engines. It greatly improved ring wear with some
increase in engine smoke. It also eliminated the rotating piston bearing.

This piston has a heat dam above the top compression ring and a crown thickness
of 5/16 inch. It runs cooler both on the piston crown and at the top ring than
the rotating piston.

The top ring is located 1-1/2 inches from the crown edge and since this pisten
has a larger cup volume, it has 0.1 inch less minimum clearance. This allows
1.275 inches more liner bore length to be exposed to combustion gases than with
the rotating piston combination.

The upper and lower pistons are not interchangeable for either the rotating com-
bination or the Mexican Hat combination.

E-5
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The Mexican Hat piston results in extra blow back into the air receiver becéuse
of the low ring belt and requires more frequent cleaning of the air ports and
air box to prevent possible air box fires.

Fixed Piston - Turbo Blower Series

The new piston was released for production along witnh the turbo blower series
scavenging system, diesel and dual fuel version, with a 10% rating increase

from 127.3 bmep to 140 psi, bmep. This piston along with the scavenging system
gave lower ring wear at the higher rating than obtained with the earlier engine.
The top ring is located at 1-3/16 inches from the crown top edge and incorporates
a heat dam design. The crown is 5/16 inch thick and has under crown oil cooled
support fins. This piston is being successfully laboratory endurance tested at

a continuous rating of 148.5 psi, bmep and 350 hp/cylinder at 900 rpm.

The piston rings and crown run very cool, particularly with the turbo blower
series scavenging air system. These pistons have a crown shape similar to the

rotating piston and were designed to use the same piston for either upper or
Tower position.

The upper and lower piston assembly components are the same including the piston,
insert, capscrews and lock plates.

_ Piston P/N 16401902
Insert P/N 16608129
Capscrew P/N 16704740 4/Piston
Leck Plates P/N 0014012.02.10 4/Piston

The only precaution one must adhere to when using these new pistons in the injec~
tion nozzles must have 15 degree angle holders. That is, either 16200805 holders
for the old style nozzle of 16705667 for the gasketless nozzle assemblies. To
my knowledge all the cutters, except the three mentioned <arlier, have the 15
degree holders. A1l engines out of Governors Island have been or are being
converted to gasketless nozzles.

Fairbanks Morse strongly recommends that all further pistons purchased for turbo

engines on the 378s be the new style and engines with a few Mexican Hat pistons
have them removed and given to ships with all Mexican Hat pistons.

Enclosures on the New Style Piston Relative to the Older Style Pistons

1. Sales pitch on tke Improved Piston Cooling and Ring Wear. This data was
developed by marketing people in conjunction with management for sales
purposes of the newly rated engine.

2. Piston 16401902 (new style) temperatures are shown on curves developed

10/27/73 at 720 and 900 rpm (E-2). Note the iow temperatures at the #1
piston ring area; less than 300°F at loads up to 170 psi, bmep. The 720
rpm temperatures generally run higher than the 900 rpm ratings due to the
reduced flow of cooling oil to the piston. The air-fuel ratio is nearly
constant while the temperature versus time exposure of the piston combustion
surface is nearly identical for both speeds. The center of the piston temp-
erature is well below the acceptabie l1imit of 800°F.

E-6
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These temperatures are with turbo blower series scavenging system.

The enciosures E-3 and -5 show the .temperatures of the rotating and Mexican
Hat pistons with tie older style scavenging system. One can readily see

the improvement of the Mexican Hat piston relative to the rotating piston

in the ring bslt area. The Mexican Hat piston temperatures are about 300°F
at a puint below the top ring, while the votating piston temperatures were
between 400 and 450°F below the ring and very hot directly above the ring,
750 to 890°F. The heat flow through the top ring to the cylinder liner is
considered to be a good share of the piston ring cooling with the rotating

design. Note the relationship of the top ring to the top of the crowns
for thesé two piston designs.

The enclosure E-4 shows the new piston and cylinder liner temperatures at
important locations while operating at 900 rpm with turbo blower series air

system. These low temperatures give very good operating results for cast
iron rings against chrome.

Enclosure &-5 shows piston and liner temperatures of the rotating piston and
diesel Tiner at 720 rpm with the new turbo blower series scavenging air
system. Note, while these temperatures are much lower *han obtained with

the old scavenging air system (piston £-3, January 1967), they are still

very high compared to the new piston with turbo blower series scavenging
(E-4). The liner temperatures at the exhaust ports are between 300 and 400°F
while the piston -environment at the top ring is between 400 and 600°F. The

ring definitely depends on the liner wall for cooling to an acceptable oper-
ating temperature.

The high liner temperature will lead directly to liner seal failure with the

slightest malfunction as broken top piston ring or momentary loss of jacket
water circulation,
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IMPROVED PISTOM COOLING AND RING WEAR

A new and cooler »niston design has'been developed as shown
in Figure 4.

This piston, equally suitabie for both diesel and dual fuel engines,

has significantly lowered the crown and top ring groove tempera-
tures. This improved cooling contributes to longer piston and

pisten ring 1ife, This improvement is the result of a modifica-

R AT I R LTS T T o e

tion of the unazrcrown cocktail shaker design above the top ring,

and a new piston crown with proven combustion characteristics.

ek

This new piston is suitable for both upper and lower cylinders,

and replaces four older designs in the system.
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New Piston - Diesel § Dual Fuel Engines

/r—550°F.

320°F.

. Cld Piston - Dual Fuel Engines

NEW PISTON
DESIGN

REPLACES

k4

TURBO DUAL TURBO DUAL TURBO DIESEL TURBO DIESEL
FUEL LOWER FUEL UPPER LOWER UPPER
PISTON PISTON j PISTON PISTON
FIGURE 4

ENCLOSURE E-1.
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RINGS AND LINERS

The wear ~f the piston ring and liner has:been reduced by a factor
of 2 to 3 times, as a result of thousands of hours of laboratory
testing to select the best combination., The combination selected
for production is shown in Figure 5. The 1ife of the cast iron
piston is further improved due to the better ccoling, explained
earlier. The top compression ring is crowned, high strength cast
iron and ferrox filled. Excellent 0il control is obtained with an
0il ring combination consistirg of a conformaéle two piece scraper
seal ing ir the inner groove and a single edge ventilated scraper
in the second groove. A steel expander is used with the seal ring
on the upper pistons only.

A the new rating, the lower pistos top ring wear, which is the mos%
servere one due tc .he exnpaust porting, will be less than .004"
per 1000 hours. This provides a ring 1ife of over 10,000 hours
for normal operation.

The cast i-on liner, with the proven strong back design, has a

new chrome finish to improve the }jsner wear. It is a chrome fin-
ish with a mechanically produced 0il retaining surface pattern
supplied by the Chromium Corporation of America. The laboratory
testing indicates that the liner 1ife shoula be increased by 2
factor of 2 over the old design, and that replating should nox be

required before 20,000 hours for normal operation.

Enciosure E-1.
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Figure 5.

ENCLOSURE E-1.




38TD8-1/8 ENGINE PISTONS i

—

PRODUCTION PISTON

2

MEXICAN HAT PISTON

ROTATING FISTON

PISTON CROYN CRGSSECTION

ENCLOEURE E-1,
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TURBO: H-56 , :
PISTON TEMPERATURES NOZZLE RING: 16 in! .
8-1/8 x 10 TURBOCHARGED (E-6) TIMING: 14.5 BMyY
BLOWER SERIES SYSTEM BLOWER: 1.23:1 Vol.
DIESEL @ 720 RPM PISTON: 15 401 902
LINER: 16 401 992 J
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PISTOM TEMPERATURES
8-1/8 x 10 TURBOCHARGED (E-6)
BLOWER SERIES SYSTEM -
DIESEL @ 900 RPM

TURBO:
MOZILE RING:
TIMING:
BLOWER:
PISTON:
LINER:

H"SG 2

19 in,

12.5 BMY
1.23:1 Vol.
16 401 902
i6 401 992
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LINER TENPERATURLS
8-1/8 x 10 TURBOCHARGED
SERIES - BLOWER SYSTEM

DIESEL @ 900 rpm
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PISTON TEMPERATURES
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>T O TEPERATURES,
2% 10 TURBOCHARGED
IES - ULOWER SYSTEM.
ESCL @ 720 rpm
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PISTON 16400334

LINER TEMPERATURES
8-1/8 x 10 TURBOCHARGED
SERIE* ~ BLOWER SYSTEM

DIESEL @ 720 rpm
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APPENDIX F

ENGINE OVERHAUL DIRECTIVE
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COMDTNOTE 9410

COMMANDART MOTICE 9410

Subj: Marine Diesel Engine Maintenance Program
3
Ref: {2) Naval Engineering Manual (CG-413)

1. Purpose. The purpose of this Notice is to amend the present Digse)
Engine Maintenance Policy set forth in reference (a) in order to increase
diesel engine relfability and to provide for more orderly planning, pro-
curement action, and execution of diesel engine center section overhauls.
2. Discussion. A discussion of the past maintenance systems and reasons
for moving to the “overhaul as required” policy are contained in refersnce

‘{a). This "as required” policy has worked to some extent, but in numerous

instances, has not provided the desired reliability from cur largs propul-

sion engines. The need for unexpccted overhauls has alsc created schedul-

ing and logistic planning problems which have resulted in unavailabitity
of nezged parts and “hurry-up” repairs when parts are finally received.
fecent experience has alse revealed that trend monitoring and Jube oil

analysis have not, in ¢11 cases, indicated when center section components

have failed. These failures have been discovered both during inspections

and, in some cases, during engine failure that resulied in aborting
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operational missions.

This new pelicy is an attempt to impreve this situation by reaquiring a
center section overhaul at an hourly interval. This should resuit in 3
more realistic basis for planning maintenance time, a more crderly ac-
qui;tion of parts, and a better quality of swverhaul.

The trand monitoring and jube oil1 analysis programs are to be continued,
since these are tools which, if properly used, provide the operating
engineer information concerning the health of his gngines. Additionaily.
there are current Research and Development efforts io develop a simple,
state-cf-the-art package for diesel engine diagnostics which would be
independent of ambient conditions. If these efforts are successful, the
center section overhaul policy will be re-evaluated. A secondary
benefit of requiring a regular center section overhaul is the "hdands

on™ experienced gained by the Hacihinery Technicians.

3. Scope. The policy stated herein applies to all cutters having engines
listed in enclosure {}).

4. Action.

a. District Commanders and Commanding Officers of cutters having
F-3
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the mazhinery listed in enciosyre (1) shall {mplenent the provisisns of
this directive. '

b. The Lube 011 Analysis program and the Trend Monitoring and Analysis
programs required by reference (a) skall be continued. If repair or
overbaul is indicated by either of these programs prior to the time between
overkaul indicaéed in enclosure (1), appropriate maintenance action shail be
taken,

c. Engine components, such a&s attached pusps, torsional vibration
dampers, blowers, turbochargzrs, and like parts shall centinue to be in-
spbcted and overhauled as required by existing Technical Publications or
manufacturer’s recommendations. The :yportance of accomplishing these
inspections/overhauls cannot be emphasized enough. They are critical!

d. Mhen the gaur!y interval stated in enclosure (1) has elapsed,
the engine shall be opened up, disassembled, and 211 center section com-
ponents shall be inspected for distress and wear. Except for compulsory
renewal items, which will be Tisted in forthcoming Technical Publication

Amendments, center section components shall be renewed only if the mea-

sured wear exceeds one-nalf thez aliowabie wear. Aljowable wear is de-

fined as the new condition dimensfon minus the condemning limit dimension
F-4
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as stated in the appropriate Technical Publication.

-

e. A record of measurements taken and components renewed shall be

maintained as part of the Machinery History.

-~
-

|
} ; ) f. The Commandant will capitalize and have SICP provide the stock
{' ’ supnort indicated in enclosure (2). This support is to provide for
emergent needs and needs beyond planned available parts. Districts may
purchase these items from SICP,

g. The Di§trict shall submit, along with 1ettér report required by
reference {a) (9004.6L2) a summary report showing engines cverhauled,
L hours between coverhaul, and center secFion ?arts renewed (other than
those required by the T.P. Amendment).

5. Cancellat’on. This notice is cancelled upon incorporation of the

policy in reference (a) or on which ever comes first.
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Enclosure (1) to COMDTNOYTE 9410

CENTER SECTION OVERHAUL INTERVALS

ENGINE * INTERVAL {ours)

= FAIRBANKS

E 38703 1/8 9000 ~ 10,000 : :
b 3808 1/8 9000 - 16,000

. ALCO ¢
3 16-2518 10,000 - 12,000

H

COOPER-BESSEMER

¥ GN-8 6000 - 7000
g 6SB-8 . 6000 - 7000

et e R e

AT B T

%3 * Any engine already erceeding the stated interval shali have che
K center section overhauled within the next 2000 hours.
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